odﬁm%ﬂ

SOLAR CURING BARNS, FAST~GROWING TREES
AND AGROFORESTRY OFFER A SOLUTION TO THE DEFORESTATION
CAUSED BY TOBACCO PRODUCTION IN THAILAND, TANZANIA, SRI LANKA,
NEPAL, PHILIPPINES AND OTHER DEVELOPING COUNTRIES.

TECHNICAL SERIES #15

COMPILED BY:

Michael D. Benge

S&T/FNR Agro-forestation

Rm. 515-D, SA-18

Agency for International
Development

Washington, D.C. 20523

THIS COMPILATION IN NO WAY CONSTITUTES AN ENDORSEMENT OF ANY: OF ‘1
- COMPANIES OR PRODUCTS CONTAINED WITHIN. ‘

L0



INFORMATION MEMORANDUM g '

SUBJECT: Solar Curing Barns, Fast-Growing Trees and Agroforestry
Offer a Solution to the Deforestation Caused By Tobacco
Production in Thailand, Tanzania, Sri Lanka, Nepal,
Philippines and Other Developing Countries. ,

Cutting trees for fuelwood to cure tobacco is a major cause of

deforestation in the tobacco growing regions of many developing
countries. Most often cited are Thailand, Tanzania, Sri Lanka,
Nepal and the Philippines; however, many other LDCs share this

problenm.

estimated to have required 300,000 m° of fuelwood in 1970, and

in Tazania nearly 1.1 million m- in the same year (ref.

Section IV, p. 3). A recent newspaper article states that vast
areas of forests have been cleared for tobacco production in Sri
Lanka (ref. Section V). According to the article each family in
the area of Kandy (a major tecbacco growing region) is encouraged
to clear at least one acre of land to plant tobacco, and an
estimated 25,000 families in the area now grow tobacco. The
article goes on to say that it requires 7 tons (6.35 mt) of
fuelwood to cure the tobacco produced on one acre (0.4047 ha).
Thus, approximately 158,760 mt or 244,246 m3 of fuelwood are
needed to cure one crop of tobacco (assuming that the specific
gravity of the wood is 0.65, an average for tropical hardwoods and
the moisture content is 25-30%). Therefore, 2,442 ha of forest
will destroyed each year if clear cut (assuming that one ha of
tropical forests contains 100 m3 of wood), or if the forests

were managed and harvested as a renewable resource, this would be
equal to one year's growth of wood frgm 48,849 ha (assuming an
average annual regrowth rate of 7.5 m?).

In Thailand, tobacco curing, togetheg with rubber preparation, was
3

(rop substitution is not the answer, since tobacco production
provides the farmer with a good cash income. The use of more
tvaditional fuels, such as oil, gas and electricity, most often is
rot feasible, since alternative ?uels usually cost more than
fuelwood and may not be available, and farmers cannot afford the
equipment needed for conversion.

However, solar heat for tobacco curing, the planting of fast-
growing trees and agroforestry show great promise as solutions to
this seemingly insoluble problem.



Solar Curing Barns

Dr. B.K. Huang and associates at North Carolina State University
have developed a solar tobacco barn that reduces fuel costs of
curing tobacco in the U.S. by 41% (ref. Section I). In tropical
countries, the savings could be much higher, since more solar
energy is available.

The cost of building a solar tobacco barn can be substantially
higher than traditional types of wood-fueled barns made from local
materials. However, the higher initial cost can be offset if it
is shared among several farmers (by forming cooperatives or farmer
associations). This burden also can be eased by long-term, low-
interest loans or through government or donor-assisted projects.

The farmers would greatly benefit by using solar tobacco curing
barns, since fuel costs would be reduced and labor requirements
would be less (wood-fueled flues have to be tended 24 hours a day
during the curing period). Often, a better quality of tobacco can
be produced, which would command a higher price. By forming
cooperatives and associations, the farmer< would have greater
bargaining power when selling their tobacco, which should enable
them to obtain a higher price (individual tobacco growers are at
the mercy of large buyers and monopolies that dominate this
sector). Furthermore, farmers would be in a better position to
receive credit and extension services for crop improvement.

In the long run, the government could benefit from farmers'
converting to solar tobacco curing barns. Tobacco production on
the same unit of land will increase (through credit and
extension), and the quality of the tobacco should be improved.
Both will result in increased profits for the farmer and increased
revenues for the government. Once fuelwood becomes critically
scarce, farmers are forced to convert to oll, increasing the
demand for imported oil--imports the LDC governments cannot
afford. If solar heat is used, however, local deforestation
problems would decrease, as would environmental degradation and
deterioration of the natural resource base.

Fast-Growing Trees

In the Philippines, I had the opportunity to initiate an
Innovative program with farmers in the major tobacco growing
region of Illocos Norte, Illocos Sur and Abra Provinces through an
association of rural banks in these provinces and the Philippine
Virginia Tobacco Administration, assisted by U.S. Peace Corps.
There deforestation was rampant, caused by felling of trees for
fuelwood for tobacco curing. The members of the association of
rural banks agreed to require that borrowers, to qualify for a






trees could also be planted; they would produce a wood crop in a
much shorter time. If the treces were nitrogen—-fixing, soil
improvement would be enhanced. However, under continious
cropping, weeds, plant discases and pests build up over time and
soil structure, erosion and fertility problems are aggravated.
Unless these crop lands are put Into a tree fallow (by planting or
regeneration) to break the cyele of these pests and to allow the
soil to rejuvenate, crop yields will decline until it may no
longer be economical to farm rhese lands.

The problems resulting ifrom deforestation for tobacco production
continue to increase; however, this problem can be minimized by
the introduction of =olar tobacco curing barns, the planting of
fast-growing trees and agrotorestry. These technologies warrant
serious examination, research and testing in Thailand, Tanzania,
Sri Lanka, Nepal, the Philippines, as well as in other LDCs by
both development cgencies and governments.

Michael D. Benge
S&T/FNR Agroforestation
Rm. 515-D, SA-18
October 31, 1983
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GREENHOUSE BULK CURING SOLAR BAR:

o B.K. Huang, Professor
“Department. of Biological and Agricultural Engineering
North Carolina State University, Raleigh, N.C. 27607



BIOLOGICAL AND AGRICULTURAL ENGINEERING.
jState 2504: System Approach to Tobacco Mechanization
PLANT - PRODUCTION, AUTOMATIC TRANSPLANTING, AND GREENHOUSE SOLAR CURING SYSTEMS

B.K. Huang (Project Leader) and C.G. Bowers, Jr.

ABSTRACT

Continuing efforts were made to acComplish>the systems engineering of total
;bbacco cultural 6perations frém plant-béd preparation, automated seeding, seed;ing
production, and automatic transplanting to harvesting and solar energy bulk cdring.
Special emphasis was placed on utilizing the golar barn as a year-round crop’pfg?‘
duction system for curing tobacco with solar energy, producing horticultural ét&ps,
and growing tobacco transplants for fully automatic transplanting.

The production of tobacco transplants wéa enhanced by the controlled environ-
ment of the solar barn greenhouse system, Significant improvements were made {ﬁ
growing tobacco trangplants using seedling growing and handling trays in multiple
tiers. Excellent germination rates of 95-97 percent and uniform growth in early
stages of transplant growth were achieved in all three tiers:of seedling produ;tion.

Four full scale tobacco cures with solar energy demonstrated quality tobacco
curing with a 41 percent fual saving for this system as compared to a convénciqnal
bulk curing barn. The average fuel consumption for ﬁhe four solar-barn cures was
0.0685 gallona LP gas per pound of cured and ordered tobacco.

At the end of the tobacco curing season the solar barn was converted_co a
‘greenhouse to grov a crop of tomatoesa and cucumbers. In order to faﬁilitace the c¢on-
version of the structure from'che curing mode to the greanhouse mode or vice versa,
hydroponic plant production systems were investigated for ease of inatallation of

plant production system and for efficient production within the solar barn strucrure.
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I. SUMMARY OF RESEARCH

A. Tobacco Seedling Production in Greenhouse Bulk Curing Solar Barn

Automation of plant-bed and tranaplanting operafiona is currently the'méjo;
bottleneck in tobacco m2¢hanization. The changing labor situation déﬁahds helb'fot
the tobacco farﬁe; in mechanization of plaht-bed and transplanting opératiohs. |
In March 1977, the solar barn was set up for tobacco transplant production. Tobacco
transplants were grown on the layers using perforated sheet metal covered frames
spaced approximately 984 cm apart. An automated misting system was installed
on each layer using propagation nozzles at 100 pei to provide fine misting for
approximately.l3 seconds per 30 minutes during daylight hours. Artificial lighting
was added for ea:h layer to provide approximately 1000 foot candles at center of
each layer. ' Temperatures' in the greenhouse were m;intainad between 22°C minimum
and 29°C’ paximum during the day and.18°C minimum at night. Thermostats controlled
a graenhouse LP gas heater and two vent fané to maintain these temperatures.

The tobacco seedling, growing and handling trays were seeded March 10-11, 1977
using the automated pracision seeder shown in Fig, 1. The soil used for the germina~-
tion and growing medium was Hecco Number 1 soil =~ a spaghaum peat moss mixture.,

This mixture was .almost saturated prior to being packed into the trays. Once the
trays were geeded, they were placed on three layers in the solar barn.

Seedling emergence began approximately 7 to 8 days after seeding. Gérmination
rates of 95-97% were obtained on each layer (Fig. 2). The automatic misting system
‘ﬁnd?auxiliary lighting are shown in Fig. 3 for the multiple-~tier transplant system in
soiﬁt barn. Variations in lightAlevels and ‘misting both within and between layers
contributed to visible non-uniform growth. This growth variation was noticable after
3-4 weeks. To correct thig eﬂv#tonmental growth problem, the lower leaves of the
'larger plants were removed.: Th;q”action tended to normalize the plant canopy and

keeps plants at approximately the same siza,
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Fig. 1. Automated precloion szeder and suedling groewing and
handling tray.
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Fig. 3. Automated misting system and auxiliary lighting for multiple
tier transplant production system.
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Fig. 4. Open bottom of seedling growing and handling tray. showing
air pruning of root system for better growth.
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The pyramid or cone design of the tray cells provides gQOd root orientation -
for future growth. Figure 4 shows the excellent air'prﬁning’e@fgsggiqf_roo: system
at the open bottom. This ‘prevents the roots from tangl;ng'fot Be£t§r gtowth; easier
removal and transplanting by the automatic transplanter.

Tobacco transplant production on multiple layers .should be acﬁigvable with
appropriate lighting and watering:. Transplants.acceptable for tobécco can’be grown»
in § to 8 weeks (Fig. 5) in the solar barm. |

B. Automatic Transplanting

A commerciﬁl version.of a two-row automatic F;pnsplgnge: (Y;g. 6), made by the
Harrington Ménufacturing Company, was field tested Lsiné'ihe tobacco seedlings grown
in the séiar barn. The automatic two-row machine was deﬁigﬁedﬁ based on a prototype.
one-row automatic transplanter whicﬂ was illustrated in the Annual Repurt of Accomplisir
ments in Tobacco Research in North Carolina (April 1, 1973 through March 31, 1974).
The transplanter was designed as a three-point hitch, tractor-drawn machine., It
opegated at a speed of about é wph.

Plastic seedling, growing and handling trays to be used with the automatic
transplanter ‘were made by the Summit Plastic Corporation. ' Each tray holds 80 potted
tobacco plants (8 by 10), serves as a‘ growing confainer in the greenhouse plant-bed,
and functions as an indexing grid-cartridge during automatic transplanting. The
trays were designed .to adapt to the transplantex indexiné frame. This frame holds
six trays or 480 plants.

Improvements were made on the commercial transplanter by adding ridge scrapers,
depth control wheels and separate suction systemS'fo:'each drop tube. The ridge
scrapers and depth wheels were needed'for precise‘depth control and furrow opening
prior to the setting-of the tobacco transplant. Suction for removal of the potted
plant from the seedling, gr;wing and handling tray and for' placement in the furrow
had to be controlled independently in each drop tube., Additionally, the vacuum was

stopped prior to opaning the bottom of the drop tube so as to enhance the setting



Tobacco transplants grown in multiple tiers in solar barm.

Fig. 5.
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of the tramsplant: The electro-hydraulic system for operation of the. transplanter
is shown in fig. 7.

Fleld tests with,tﬁeQCanercielitransplonterﬁwerg}conQucted;toﬁeveiuate,tne;,
improvements made on the machine.’ The'depth' control and ‘suction’ systems functioned
well. Problems were encountered with microewitches which physically sensed thc
passing of the transplant prior to opening the bottom of the drop tube. The physical
contact tended to cause jamming of the drop ‘tube and break-up of the potted transplantt
It is anticipated that photoalectric cells will aoive this contact problenm. -

C. Curing Ooeretion of Greenhouse Bulk Curing}Solnr Barn

Energy studiee-were conducted with the greenhouae bulk curing system to determine
fuel aavings of this system as compered to conventional bulk curing._‘Peing basicaily
a greenhouse structure with a modular, solar energy bulk curing unit inside (Fig.'B),
the system uses golar energy as a first priority source of energy for curing Solar
energy collected by the blackened side and top heat absorber: panels preheats air used
for'the curing .process .or used to store energy in gravel for later use.‘ The motorized
vents and shutters within' the atructure control air flow modes for optimum solar
energy collection and utilization.

A microprocessor based data acquisition and control'oysten}wae;needjin?thei§olar=‘
barn to record environmental, curing,.andyenergj data‘anovto’provide;eétépoint control
for system operazion. Data collected for analysis included direct and diffuse solar
energy, wind specd and direction, outside wet and dry bulb temperatures, inside wet
and dry bulb temperatures, surface temperatures of absorber panels, and tobacco temper-
atures. Tcmperatnres within the curing chamber and preheated air temperatures of

the solar absorbers were monitored by the microprocessor for control of air flaws.
Based on setépoint‘temperatures-programmedwinto the microprocessor, the motorized
shutters, and\yents and auxiliary gravel fan were automatically controlled by

the microprocessor through relay action so as to optimize solar energy collection,
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atorage and utilization in the curing process. Data ware collected for thc’syergm ;
by the microprocessor for all cures during the Summex af 1977, but Onlybthe last ¢@fé
was operated by set-point coatrol of che,m%croproceqaor. Coh;rols were operated.
manually for the other'cures.

Solar energy utilization tests were cdnducted during July, August and September,
1977. Four complete cures were made in the greenhouse golar curing barn (Fig. 9)
Missing tobacco weight data for the conventional commercial bulk barn preveqted,

a direct comparison for the Summer, 1977. The prior two year's avernge was used to
compare fuel’ conaumption of the aolar barn and conventional barn. Curiag proccdurﬁg»
within the selar ‘barn vere approximately the same from cure to cure with minor varia-
tions as required,by the ind;yidual curea.'.The 3eneral'euring procedur2 was as :giléﬁg

(1) Bulk racks werc filled in the field and pldced in the barn.

(2) The furnace system was turned on, and a typical bulk curing schedule ‘followed
for temperature and air ventilation rates. The temperature curi?g schedule generally
conaisted of two-three days yellowing at 32-35°C, three days of leaf drying with the
air temperature being advanced from 32°C to 76°C at 1 to 1.5°C.per hour with certain
temperature levels being maintained as.determined by toba&co'cbndiéions, and one day
of stem drying at 76°%. 'The atr ventilation rote was usually 10%Z or less for yelJowing
gruduaily iricreased diin~ fnittal leaf'drying‘until it was ébout?402¥for temper: s
of 54 to 60°C,:then aradually reduced during later stages of leaf dryln , unﬂ b1
at 10% or less intake during stem drying.

The overall fuel savings achieved by the greenhouse solar curing system as_eom—
pared to the priot.rwo year aﬁerage of the conventioﬁelibdlk curing barv;was 4iﬁpereen
The a;erage LP fuel.consumed in gallons per pound of cured (and ordered) Lobaccn was
0.0685 for the solar barn and0.1155 for'the convencional bulk barn. Thc curing time,
fuel consumption and tobaccos used in the greenhouse solar barn‘are given in Table 1.
The 0.0685 gallons LP, per pound of cured tobuacco is approximately 9 pcrcent Jowvr

than last year 's avcrnge of 0.075. This increaaed gavings is at;ributcd mﬂlUJY,

10
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Fig. 9. Greenhouse bulk curing solar barn in tobacco curing modse
of operation.
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to increased insula:ion of the side absorber panels (1/2 inch aluminum faced poly~

u:ethane:panels*instead of 1/2 inch plywood) and insulation ‘of the furnace room.
This 9 percent;figuréirepresents.theiinc:qased'lo_pgrdqnttP?gdictedﬁinfldé679éét’s

report for increased insulation.:

Table 1. Tobacco curing in Solar Barn_Summer. 1977.

Curing Time | .Tobacco Fuel Used
(days) - MeNair 944 (gal/lb tobacco)

9 Bottom 4 leaves 0.08%1

7.5 5th~-9th leaves 0.0804

7.5 10-14 leaves 0.0618

7 Top of stalk 0.0538

Averagq%rA o , 0.0685

In order to compare fossil-fuel energy. consumption‘initnéigréénhﬁuse]EUIk'

curing solar barn witn ochet bulk curing systems, energy datatis9presented in

Table 2 for various types of curing and types of fuel. In general direct fire

LP curing 1s more efficient energy-wise than indirect fire oil curing. Also,

as shown by the VCSU/BAE extension studies, the fuel crisis and education of tobacco'
farmers to bulk curing managemenc have significantly rcduced fuel conaumption for
saome farmers (Part of this decrease is accributable :o ycarly crop var acion)

As shown by Table 2, the original solar barn ayatem and :he improvamenLq made ove:
the past three years can concribute significantly to reduced foasil fuel consumpcion
in tobacco curing. The cost and,operacion of thg~pglaeratn'sygtem'atg approximately

the same a7 a conventional bulk barn.
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Table 2. Energy Consumption in Tobacco Bulk Curing.
— Average ~ Low
SRS BTU/1b of Cure or
Bulk Curing Ordered Average @ . Type of Types of
Study "Year Tobacco (BTU/1b) Cure Fuel Energy
"Energy & U.S. - 22,454 Sticks & Rack LP, 0il, MG
Agriculcture"
USDA Publication,
Canadian Survey  1974-1975 16,400 .+ ' sticks & Rack LP, 0il; NG
12,695 7,?54(LB) Bulk (Rack) Lp, 041, ﬁG‘
NCSU/BAE Extension 1976 21,836 15,609 Bulk(Box & 04l
Energy Studies of : . S ' Rack) . -
Commercial Barns 11,979 '10,819 Bulk (Box & LP
‘ o ‘Rack)
1977 - 16,598 11 586 Bulk (Box & 011
Rack)
9,138 8 481, Bulk(Box & LP -
‘ Rack)
Central Crops Res. 1975 11,327 Bulk(Rack) LP
Station Commercial 1976 9,776 Bulk (Rack) LP
© Bulk Barn
Ty
Cross-Flow Barn 1975 9,076 6,340 Bulk (Box) LP
Being Developed 1976 11,440 ' Bulk (Box) LP
by NCSU/BAE
ik AR
Solar Barn Being 1975 7,101 Bulk (Rack) LP
Developed by 1976 6,885 R Bulk (Rack) LP.
NCSU/BAE 1977 6,282 45932 Bulk(Rack) LP
Types of fuel are LP-liquid petroleum, oil-fuel oil, and NG-natural gas. ;_LPgaﬁd

NG heating units are direct fire, and oil is indirect fire.

4]

These barns only have the commercial'hQQtipggugigq,v

hhk

Solar energy collected and utilized by solar barn was.in “addition to the’ energy
figures (BTU/lb) given in table.
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D Greenhouae Operation of Greenhouae Bulk Curing Solar Barn

At’the end of the tobacco curing season the solar barn at the Central Crops
Research Station was converted to a greenhouse mode of operat‘on for growing tomatoes
dnd cucumbersg, The solar absorber ‘panels and portable frames used in tobacco curing
wvere: removed .and appropriate greenhouse equipment for .plant production was moved
into the atructure. Two approaches were taken to utilize the solar barn for horti
cultural crop production: (1) grow planta in the individual pota and irrigate with
automatic watering system, (2) grow planta in plenum areaa of the aolar barn with
hydroponic culture,

(1) Plant Production with Containerized Soil Culture in NCSU Campua Structure

Cucumber seeds were started in mid-February. 1977 In mid-Harch twenty cucumb¢
Seedlings were transplanted into § gallon plaatic pota filled with peat-soil mix.
These plants were Placed in two rows of one plenum of the solar barn. The watering
System consisted of a Chapin moist-scale uged in conjunction with thelwater-loop
tubes. One pilot, potted plant was Placed on the control or moiat-acale. This scale
activated a microswitch turning a watering aolenoid valve on and off. This pilot
plant is aupplied with water from a tube the same asg the planta in the" plenum. e&;?
the pilot-plant goil dries and becomes lighter through loss of moisture, the scale
activates the solenoid switch to water all the Plants. As the weight of the pilot
Plant increases during watering, the acale shuts the watering syatem off. Automatic
watering control is achieved based on the weight of moisture in the soil. Both the
frequency of watering and amount to be applied can be adjusted to provide optimum
watering or maximum growth. As a regult of the increase in plant aize, the scale
needs to be adjusted every 7 to 10. daya to compensate for the added plant weight
The moist-scale control Syatem closely correlates water. application with depletion
of soil moisture in the potted planta.~

The cucumher fruits (Fig. 10) were- harvested from April 24 1977 through '
September, 1977. The total weight of cucunburs harvested for 20 plants was 61,821 g,

or the average harvest per plant was 13091, 05 g The average fruit size was 192.5¢ g
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(2) Plant Production with Hydroppnic Culturo nt NCSU Greenhouse Solar Barn

To facilitate the conversion of the eolar greenhouae bulk curing system from
the curing mode to the greenhouse mode, a study was initiated to develop a hydroponi
plant production system for the structure. The ﬁater culture technique.was selectec
for .the following-reasons: (1) The three plenums of the structure could be nsed
to contain the nutrient solution for the hydroponic culture, and (2) The nutrient
solution could be used for solar energy storage during plant production period
Thie approach would minimize handling of growth media and containers normally required
For greenhouse production.

Three hydroponic set-ups (Fig. 1l) were examined to- determine the feasibility
of the water culture technique in the solar barn. In all three set-ups considered,
black plastic was' used to cover the tank surface to prevent green algae growth in
the nutrient solution. Algae compete for nutrients, reduce the solution acidity,v
and hence interfere with root development and other plant functions. To provide"
plant support in a hydroponic water culture, an artificial means of support haa to
be provided. In the system shown in Fig. 11(a), 1.27 cm thick wood fiber pads
were laid over 1.27 cm hole diameter, perforated sheet—netal Set73.8l cm above the
tank bottom. Plant roots started on the pads and then extended into the'nutrient,
solution. Figure 11(b) shows a grid system with 5 cm diameter holes over a wire
mesh with 1.27 cm square openings. The 5 em holes were initially filled with
growth media for starting the plant root system. Plastic-baskets with' side and -
bottom openings were used in the system shown in Fig. 11(c). Gravel was used in
these baskets to provide-plant supporc.

The approach adopted-in this study for root aeration was based' on fluctdatlng
the nutrient solution in the vicinity of the root systen. With determination of
appropriate fluctuation ranges and frequencies for each growth gtage, it would be.

possible to correlate the fluctuation data with the plant growth patterns and
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determine the ‘most - suitable aeration conditlons for all phaaes of growth.. _The

3

aeration proceeslused in' all three eet-ups wne accomplished by continuously
fluctuating the nutrient solution between the crown and the extension of the roots
The fluctuation cycle comprised two phases. The solution was initially pumped from a
lower tank to a certain level in an’ upper tank _then drained back to the lower tank
by gravity.: This process was found to be quite acceptable’ for the cucumber and
tomato planta grown in the fiberglasawgteenhouees.V Fluctvation ranges from 1.27 cm
to 12.7 cm with half an hour'to four:hout frequencies were tested in Chisté£“d§{,
Commercially available fertilizers such as 20~20-20 Nurish, 7-6-19 Hyponen,
12-6-6 Ortho, as well as the N.C.S.U. Phototron nutrient solution (Dowms and |
Bonaminio 1976) were used for the water culture systews. Daily observations were
made for both shoot and root growth. The solution pH level was periodically
checked in order to conform'with appropriate pH values for tomatoes and cucumbers
as recommended by Matlin (1940).

(a) Solar Energy Collection and Storage

As shown in Fig. 12 solar energy is collected and stored in the
greenhouse in two ways. First, solar emergy is collected by the greenhouse itself
and stored in the two outside gravel beds. An auxiliary, reversable grauel fan in
the furnace room, Fig. 12(&); circulates air within the greenhouse and gravel oeds
for energy storage and temperature control. 1In thelsecond way, the nutrient,solution
in the plenums acts as a heat sink, collecting its energy from the solar panels
mounted on the furnace room and from the internal surroundings of the greenhouse.

A reversal of ‘this process occurs during the nighttime. The nutrient solution
discharges its stored energy to the paneIS'and the surroundings. The 11 solat‘energy
panels mounted on the' furnace room'are each 1.2336 m wide by 2.4672 m long wich flow
passages distributed'longitudinally. The total panel area represents about 70 percent
of the plenum-area which is within the recommended area for solar heating of swimming

pools.
17
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Using a modified version of Fhandra 8 solar energy eimnlation model (1975) the
total tadiation intensitiee received on each of rhe five‘sides of che furnace _room
were evaluated for each’ of the following days: June 21, October 21 and December 2i, 1977,
essuming 100% of poasible sunshine. The results are summarized in Table 3} For the
arrangement shown in Fig. 12(b) and for panel specification area of 3.043 w?,
absorptivity of 92%, and collection efficiency of 75%, the percentage ratio df
the total radiation received by the panels to solar radiarion received by che green-
house was determined as 10.57%, 13.25% and 14, 632, teepectively for eaeh of che three
days.

The thermal energy collected by che‘edier panel eystem“wilirCauee'eidﬁit,chahge

in ceﬁﬁerarute«df the nutrieant solution: This may be defined as:

C_yV
C-g—.-—EY—
AT AT

where Q is the thermal energy required for a unit raise of temperature, Cp is the
specific heat capacity, v 1is the density; AT 1s the temperature rise, and V is the
volume of the solution. Cp and vy are assumed constant over the temperature interval
considered. For a solution volume of 11.2 m3 and an initial solution temperacure of
15.5°C, the temperature profiles of the nutrient solution as derermined by solar
heating from the panels alone for the days gonsidered are plotced in Fig. 13.

A 4 to 7°C rise in nutrient temperature 1s achievable from solar energy. The
nutrient solution in the plenums is continuously pumped from a plenum through the
panels then equally discharged into the three plenums.

(b) Water Level Fluctuation

To insure proper plant root aeration, an automatic control system was
edeveloped to create the rvqulr(d {luctuation of the nutclent solutfon Ln vach plouum
in a cyclic manner. All plenums were connected together through gates Lontzulled

by an electromechanical actuator, as shown in Fig. 14(a). For proper adjustment:
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Table 3. Predicted daily total solar energy and

of possible sunshine in Raleigh, N.C.).

radiation intensities (North-South 6tienfatioﬁ of

greenhouse

axis wich 100%

Date of .

South Facing,

West{or East)

Yest (or East) |North Facing Solar Solar Solar Encrgy
Solar Vertical Facing, Vertical | rop Inclined |Vertical Greenhouse | Emergy on Energy on |Ratio of
Prediction | Surface Surface Surface Surface Top Surface| Greenhouse |Panels Panels t>
1877 (W/m?) (W/n?) (W/=?) (W/o?) (W/m?) (KJ) (KJ) Greenhcuse
June 21 1555.7239 3999.9065 8401.9192 1495.8371 13820.3153 1197853.2697 |20916.4503 10.57%
Oct. 21 5922.0928 2778.6385 4746.3645 ~301.8911 8392.0737 1139175.3272 |18446.8464 13.25% vf
2 ’ . o
Dec. 21 '16591.2255 - |2080.4804 3233.2370 . | 203.4836 . | 5935.8405 |108029.9224 15811.6973| 14.63%




T¢

‘TEMPERATURE (°C)

24

23—

JUNE 21, 1977~
2l -

20 N S S
~ OCTOBER- 21, 1977

DECEMBER "2, 1977

[IME OF DAY (HOURS)

8. 13. . Water-temperature rise due to_solar energy. -



SOLAR PANEL SYSTEM

{f = ff  wewmegs  Ff e

/ // / ELECTRO MECHANICAL
B /, / A

{{ ———*—_{

'[' -SWITCH
PUMP = | T , , NUTRiENT SOLUTION

x

(-
SOLENOID___ 1 I' ‘.‘
VALVE e || f h a " ~— COMPENSATOR
» N 4
h' “’&v‘ --‘----“‘-\.1.1:'1- A/fGATE : ha REEERS
.

PLENUM A  PLENUM B iPLENUM c
CONNECTING PIPE -

(a)

SOLENOID VALVE~—____

 SEQUENTIAL
~OSWITCH, T\

AUTOMATIC
FLOAT SWITCHES

Ll iad

‘\ ' N\ PLENUM..GATES
SINGLE POLE g
DOUBLE THROW ELECTRO- MECHANICAL

SWITCH "ACTUATOR

| (b)
- rig. 14. (a)‘Natcr”leve‘lvflucmdtion c@nctol system (b) :concrol’l‘ystem circuit,
22 | | |




of the lolution level 1n aach plenum, two nucomncie flont awitchas were used."Theeee
switches senee the. 1n1t1a1 ‘and maximum solution 1evels in the plenums. One se- -
quential switch was used to scan a'plemum'for‘pumping3"rig. 14(b).

The full cycle comprises three sequential pumping phases for each plenum.
Each phase is composed of two modes of operation: (1) a pumping mode in whiCh a
certain amount of the solution is pumped from one- planum through' the eoleg;penel.
system and Fetptned'evenly to the three plenums with all blenum geteekclpse4; eﬁ§
(2) a decay mode in whichfall pPlenum gates are opened bylecti§atihg}the‘eleettoék
mechanical actuator, thereby leveling off the solution in ellipienums due to gfajity}e

To evaluate the perforﬁance of this physical system, ita dynamic charac;eriseiee
must be expressed in terms of its various parameters. The development and aneiyei§ '
for describing the dynamics of each pumping phase, as shown in Fig. l4(a), are pre-
sented by Huang and Nassar (1977). Computer simulation (CSMP III Structure Statements
1972) was used ‘to determine the total system dynamics for one fuoll cycle.':Figqrev |
15 shows the CSMP III graphical plot fo;'one full cycle dispilay, illustretingxehe:z 
dynamics of the water level fluctuatiohs'in each plenum «-h;, h, and h3. The responses
for the three phases of the' cycle were computed assuming'a’ pump- discharge of 0 09464

m3/min., an initial- solution level of 0.2286 m and a gate to plenum area ratio of

0.0006536.

Experimentally, it was found that a fluctuation range of about 2,5 to 4 c@lwith
90 minute frequency provided suitable aeration for the tomatoes and cucuﬁbersefrom
post transplanting until the flowering stage. Using larger fluctuation fahgee or’
frequency intervals would result in overexpoeu:e or drying of the root system}; Using
smaller ones, the roots would experience drowning. At the flowering stage however,
both tomato and cucumber plant root systems have devaloped and expanded into the
nutrient solution to allow larger fluctuations. It was observed at this stage that

a fluctuation range between 5 to 7.5 cm with a frequency between 60 to 90 minutes
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provlded sufficient aeratlou cuudltlons for ull plants.enTheso timcs ate gteaterlthan

the simulation given ln Fig 15 but pumplng rates cun be adjusted to aehleve these’:
times._ The cycle time was ftequently changed during the 2& hours to compensate‘for’
the’drastic temperature variations between day and night.

Figure 16 shows the tomato plants and their well.developed‘root systen;
A commercially available fertilizer was found to, be satisfactory provided the pH
of the nutrient solution was frequently adjusted and maintained between 6. 5 and 7 0.{
The pH level was watched daily throughout the experiment and adjusted to the range
mentioned.

(3) Hydroponic Plant Production in Central Crops Research Station Solar Barn

Anvalternative hydroponic set-up i3 being studied in the Central Crops Research
Station/solar barn. A schematic of this system ls shown 1n Flg. 17. This trough
system sets over a plenum in the‘solar barn with the storage tank down in the plenum._

The PVC plant troughs with intake and exhaust troughs'forn a nutrient}solutiond
distribution system and a base support for the'basketed olants. Nutrient solution
is pumped from the storage tank to che intake,‘distributed tohthe troughs and allowed
to stand. This initial time period in the cycle is 3 to S‘minutes depending upon
growth storage. It is shorten for later growth when the root system has develuped
After this initial operation, the solution is. drained from the trough to the ,tuzago
tank by gravity; the pipe 1in the exit trough is lowered by a shutter motor rhj,'
entire cycle is controlled by a trip timer, pumping in 3 5 minutes, dtalning ln 5 10
minutes, and waiting 15-20 minutes before the next’ cycle begins. The total CyLlL
time 1s 30 minutes.

Tomatoes are germinated and grown in small peat pots prior to belng p]dLed 1n
small baskets which are approximately a 7.5 cm cube. These baskets ate tilled wilh
gravel to provide plant support and- then placed la the trough on 45ﬂ7'99 uente:s.

Black plastic eovetsvthe trough to prevent algae growth,

25



(b)

Fig;;l&-, (a) Hydroponically grown Lomaco plant:q and (b) well df;‘v;;lo'p‘éd!';-\f
o tomato plants root ~-o~Ts HER BT B
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hnvlronmuncul tondlllnnq nrvv(nnrinunuqlv monltorvdlfor qulutlon tumpvraLurL,

wet and dry bulb tompornrurv 1n lhu pruonhonh‘. nir root’?one dry bulb :vmpo rature

of trough, and outside dry hulb tumporn urv : Alr tempL ntures aro*mulntdxnvd fnrv

daytime between a maximum ot 29 Lvand minimum of 22°C: ;

are kept above 18°C,

Plant growth,pH

and solucio volume are monitored daily.; pH: ig maintalned

tomato plants being grown. Fhe nutrient solution’usod 18:HQQS;deQf#l}hﬁéﬁ1§*éh§lyzed
once or,twice each week to maintain nutrient levels.
Initial results show excellent plant growth and root‘deVe;ooﬁoot,ﬂoQécofioobéing

taken on flower set and fruit production.
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Hyman, E.L., Small Holder Tree Farming in the Philippines:
a comparision of two credit programmes
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Smallholder tree farming

in the Philippines

A comparison of two credit programmes

‘E.L. Hyman

The increasing awareness of the importance of forestry
to the economic, social and environmental well-being of
developing countries has prompted international aid agen-
cies and governments to look for new ways to encourage
tree farming. One way to do this is to remove the
financial constraints caused by lack of credit that make
it difficult for small, private landowners to establish tree
farms even if the potential profits are large. In conjunction
with the Development Bank of the Philippines (DBP), the
World Bank selected this market-oriented approach for
two tree-farming projects. This analysis is based on a
survey of participants and interviews with officials.

The first project involves loan financing of small land-
owners in the vicinity of the mill of the Paper Industries
Corporation of the Philippines (PICOP) for pulpwood
production. The second project aims at reducing the
fuelwood shortage affecting small tobacco farmers in a
different region of the country. Additional components

of the second project, not discussed here, are for other
purposes and in different parts of the country — wood
for industrial charcoal use, leaf meal for fodder, and
continued financing of pulpwood tree farming under the
PICOP project. The second project also broadens the
range of potential beneficiaries to include “kaingineros” —
landless slash-and-bu.n farmers.

Other countries or aid agencies interested in replicating
this approach elsewhere should be aware of the experience
of these two projects and the differences in the specific
factors that affected their partial success in one case and
failure in the other. This comparison points out the
possible dangers of applying a development model that
works in one area to diverse conditions elsewhere, even
within the same country. Another key question is whether

Jthis approach has any polential for improving the welfare

of kaingineros, who differ economically, socially, and cul-
turally from small landowners.

PICOP is the sole domestic pro-
ducer of newsprint and a major pro-

I. The PICOP Project

tion or harvesting costs); the other 25
percent was expected to be provided by

‘ducer of paper in the Philippines. It
is one of the few iarge pulp and paper

the tree farmers in the form of house-
hold labour.

operations using short-fibre tropical
hardwoods as its primary source.
After depleting the “red” pulpwood
(Shorea negrosensis and Eucalyptus
deglupta) from the concession it
received from the Philippines Gov-
ernment, PICOP began in 1968 to
enlist nearby private landowners into
tree farming by guaranteeir.g technical
assistance and a minimum purchase
price for a fast-growing “white” spe-
cies (Albizzia falcataria). However,
the programme did not gain momen-
tum until 1972 when PICOP entered
into an agreement with DBP for pro-
vision of credit to the participants.

The programme expanded after the
World Bank granted US$2 million in
financing in 1974. Loans were offered
to tree farmers to cover 75 percent of
the costs of tree-farm development and
maintenance (excluding land acquisi-

E.L. HymaN is an environmental planner
with the Office of Technology Assessment
of the United States Congress. He wrote
this article as a result of work in the
Philippines under a grant from the Environ-
ment and Policy Institute of the East-West
Center, Honolulu, Hawaii. The author
would like to acknowledge in particular
the assistance of E. Seggay, B. Bareng,
R. Joves| and C. Sarsadias of the Dsvelop-
ment Bank of the Philippines.

The basic goal of the World Bank
project is the supply of 284 000 cubic
metres of pulpwood to PICOP’s mill
by 1985, representing about 44 percent
of its annual demand. The target
requires an estimated 10 400 ha of new
tree farms.

A second goal is the generation of
additional income for small land-
owners.

A third goal is to provide wage
employment for the substantial num-
ber of kaingineros in the project area.
However, the landless were not eligible
for the loans for tree-farm development

under the PICOP project. QV



The fourth goal is the improvement
of environmental quality by reducing
the depletion of forests and main-
taining a forest cover on private lands
that are supposed to be submarginal
or marginal for agriculture.

The project was conceived as a
sustained management system for
agroforestry based on area control.
Under the original plan, smallholders
were expected to (/) plant 80 percent
of the site with falcataria over a four-
year period; (ii) follow a 4 X 4 metre
spacing; (iif) apply fertilizer twice a
year in the first and second years;
(iv) weed three times a year during
the first two years and remove under-
brush in subsequent years; (v) harvest
one-eighth of the total area planted
each year, starting in year nine and
continuing until year fifteen.

The loan agreement has created an
assured market for the wood since
PICOP has agreed to purchase all of
the pulpwood of the financed tree farms
(eight years or older) at a set minimum
stumpage price. PICOP is responsible
for providing secdlings and technical
assistance to participants as well as
undertaking some road construction
and insect control in the project area.
PICOP also pays a small log-loading
subsidy and hauling costs for tree farms
located within 70 km of the plant.

The project area covers a 100-km
radius of the Bislig Bay plant on the
island of Mindanao. Five hectares
are considered the minimum econom-
ically viable tree-farm size for these
loans. Loan applicants were required
to show either a legal title to the land
or proof of legal occupancy. The
loans carried a 12 percent interest
rate if secured by land collateral or
14 percent if unsecured. Land covered
by homestead or free patent leases
was not accepted as loan collateral
until 1975 when the policy was liber-
alized duc to its limiting effect on
recruitment. There is an ecight-year
grace period for repayment of the loan.
Repayment is deducted by FICOP
from the harvesting revenues paid to
the tree farmer.

Profile of the participunts. Of the
3805 tree farmers recruite . by PICOP
as of January 1981, over 1159 (30
percent) received financing from the
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DBP. Over 62 percent of the financed
tree farms are 10 ha or less, while
barely 9 percent exceed 26 hectares.
The average size is 11 hectares. Prac-
tically all the borrowers already owned
the land for their tree farm, which

“eliminated land-tenure disputes as a

problem, but meant that the project
did not reach the landless poor. Al-
though few of the borrowers are rich,
the average reported income of those
in the sample (8 700 Philippinc pesos)
exceeds the national average of 3179
Philippine pesos and survey respon-
dents generally understate their in-
comcs. (In" December 1982 the ex-
change rate was 9.4 Philippine pesos
per US dollar.) The sites have an
average distance of [.3 km to the
hauling roads and 58 km to the
PICOP mill. Most of the labour for
plantation development and harvesting
is provided by the households that
own the land although there is some
hiring of labour at peak periods.

In order of prevalence, the surveyed
sites previously had been used for
growing food crops, non-food crops,
and trees for fruit, firewood. construc-
tion wood, or pulpwood. Only 25 per-
cent of these sites previously had been
idle or covered with a grass species of
little economic use (Imperata cylin-
drica). Thus the use of this lund for
trec farming has an opportunity cost,
For the most part, the project’s con-

tribution has been the conversion of
land to a higher-value use rather than
the expansion of cultivated areas.

Changes in project design during im-
plementation. In the course of im-
plementation, soms aspects of the
project design have been changed.
These changes include the tree-farm
development period, agroforestry ap-
proach, frequency of fertilizing and
weeding, and harvesting schedule.
The original staggered planting
scheme has proved impractical. The
majority of trec farmers planted their
entire area at once for good reasons:
lower labour requirements and costs
in clearing and planting lasd and
taking care of even-aged tree farms.
In actual fact, the agroforestry ap-
proach has never been implemented.
Becausc of a DBP policy against
mixing loan purposes, the 20 percent
loan portion for financing other crops
or livestock has not been provided.
Participants who are interested in
raising crops or livestock are required
to take out scparate loans for those
purposes. PICOP management and
some tree farmers also mentioned that
it is better to devote more resources
to tree farming because it is more
profitable and requires less labour.
Hordly any of the tree farmers ap-
plied extia fertilizer to their sites and
few weceded as often as recommended,

Positive features

An assured market exists:

There is good technical assis-
tance;

Recruitment of participants Is
boosted by extensive publicity;

The basic infrastructure for sup-
ply of seedlings and for tree
farming in general already
exists;

Smallholders can produce pulp-
wood at low costs;

Land is converted to a higher-
valued use.

The PICOP project

Negative features

Harvesting costs are not in-
cluded in the financing;

Harvesting bottle-necks are not
foreseen;

Government price controls limit
the mill-gate price of pulpwood:

The species that was selected
is prone to typhnon damage;

Due to inflation, the size of the
loans granted cannot cover the
full costs of tree-farming activi-
ties as they were prescribed in
the conditions for the loans.




stating that it was not necessary. Not
unexpectedly, a number of the in-
spected tree farms did not appear well-
maintained in terms of weeding and
brushing.

The most scrious deviation from
the project design is the cutting cycle,
and this has caused serious bottle-
necks in harvesting. Since tree farmers
plant their entire area at one time,
they harvest the entire area at age
eight in order to recoup their invest-
ments as soon and as simply as pos-
sible. Also, the tree farmers have no
incentive to let their trees grow longer
because PICOP does not provide any
premium for older logs, even though
fourteen-year-old logs are more valu-
able since they are suitable for export.

Aggregate production. The financed
tree farms would have produced
3 137700 solid cubic metres of pulp-
wood at a per hectare yield of 250
cubic metres or 2 510 200 cubic metres
at a yield of 200 cubic metres per
hectare if all targets had been achieved.
Although the appraisal report 15: the
project (World Bank, 1974) assumes
the lower of the two yields, PICOP
states that the higher yield is likely
for undamaged tree farms. These
financed tree farms were expected to
yield 58 percent of the wood pro-
duced by smallholders for PICOP.
Due to a freak typhoon in 1982, the
actual production will be lower than
predicted.

It is difficult to estimate how much
of this land would have been devel-
oped for tree farming in the absence
of the loans. Since a sizeable portion
of the tree farmers did not borrow
funds from DBP, credit could not
have been the sole factor in recruit-
ment. Yet, average-income tree farmers
would find it difficult to afford tree-
farm development costs exceeding
10000 Philippine pesos  for  five
hectares.

The net cconomic bencfits of the
project to the tree farmers depend on
i) whether tree farmers follow pre-
scribed tree-farming practices or do the
more typical amount of fertilizing and
weeding: (i) the assumed yield:
(i) mortality rates. Following the
typical tree-farming practices, the in-
ternal rate of return would be 31 per-

LOADING 8-YEAR-OLD LOGS FOR NEWSPRINT PRODUCTION
PICOP’s ussured market guaruntees success

cent at high yields (250 solid cubic
metres per hectare) or 22 percent at low
yields (200 solid cubic metres per
hectare). These figures drop to 18
percent and 10 percent respectively if
the recommended tree-farming prac-
tices are followed. Even when yields
are lower at a reduced intensity of
maintenance activities, the labour sav-
ings outweigh the losses if household
labour is valued at the market wage.
When labour is shadow-priced to
rcflect the social costs of tapping
under-einployed workers, the recom-
mended practices appear more cost-
effective. All those estimates assume
a 20 percent nortality rate of seedlings
in the first year which are replanted
in the second year, and nce significant
subsequent mortality of trees. Since
the estimates also are based on the
intended submarginality of the sites
for agriculture, any returns from
previous land uses should be deducted
from them,

Of course, the economic benefits of
tree farming are very sensitive to the
mill-gate price which was 77.25 Philip-
pine pesos per solid metre including
the loading subsidy. as of August 1981.
Mauny tree farmers claimed that this
was too low in relation to harvesting
costs. However, PICOP stated that
it is unable to raise the price because
of government price controls on the
newsprint  produced from the pulp-
wood. Tree farmers are not bound to
sell to PICOP if they are offered a

higher price and notify PICOP in
advance. Dugan (1982) notes potential
alternative markets for falcataria in
Taiwan (China), Japan, the Republic
of Korea or the Democratic People’s
Republic of Korea for non-paper prod-

ucts at roughly triple the price cffered

by PICOP. At present, the farmers
do not have access to an organized
alternative market in the area. Since
trec farmers who decide to sell to
PICO” must first obtain harvesting
permits from the company, they are
anxious to maintain good relations
with the company.

One of the most serious problems
encountered in the project has been
harvesting bottle-necks and cost. There
is a shortage of harvesting contractors
because lucrative gold panning in the
Agusan Kiver has drawn away polten-
tial labourers and the cost of harvest-
ing equipment is high. Moreover,
since financing does not cover harvest-
ing costs, tree farmers with cash-flow
problems are at the mercy of con-
tractors who will accept deferred pay-
ments in return for a large share of
the surplus value. It is common for
harvesting contracts to appropriate 45
percent of ‘he mill-gate price of the
pulpwood. This problem was not
foreseen in the original design of the
project because it was expected that
household labour could handle the
harvesting of one-eighth of the sites
cach year over cight years. Many
tree farmers also complained about
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hauling delays.  Better arrungements
with the private sector for harvesting
and hauling are needed.

Amother problem is that many
tree farmers realize that other crops (in
particular, coffee, oil palm, rubber, or
another tree — Leucaena leucocephala)
would be more profitable. Mostly for
that reason. only 38 percent of the
tree farmers interviewed in 1981 stated
that they would continue raising fal-
cataria after their harvests. Arother 12
percent said that it would depend on
the specifics of the agreement or on
their own personal circumstances.
Those who were willing to participate
again cited low labour requirements
of falcataria (the “lazy man's crop”).
Many of these participants lived some
distance from their tree farms,

Another critical factor, although
unrelated to the design of the project,
was the occurrence of a freak typhoon
in the Bislig area in 1982. Although
falcataria is a brittle tree that cannot
withstand strong winds, the project
"area is considered outside the typhoon
belt and is typified by even rainfall
throughout the vear, unlike most of
the Philippines. This storm caused
damage worth 200 million Philippine
pesos to the tree crops of both the
smallholders and the PICOP con-
cession. A total of 1.6 million cubic
metres of wood was damaged with 1.2
million cubic metres recoverable,
However, PICOP plans to accept only
342000 cubic metres from the small-
holders’ recoverage in order to recoup
679 500 cubic metres from the com.
pany's own concession. As a result,
many tree farmers may find it difficult
to repay their loans and a local polit-
ical controversy is brewing (Perez,
1982, p. 10). Since the farmers know
that typhoons are rare in the project
area, the weather itself should not
present a barrier to their future par-
ticipation in tree farming. However,
potential participants may perceive
that the company does not act in their
interests when a risky situation occurs
and current participants may be dis-
couraged by the size of their losses.

Regarding other natural risk factors,
only 8 percent of the treec farmers
noted problems with pests or discases,
but 64 percent found it hard to
protect trees from grazing animals.
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: Posltlvd features

A fuelwood need. exists both
for households and cottage
industrles;

The landless poor are eligible
for the project;

secondary product; -

A nitrb'geny-ﬂ'xlng’ spécbleé Is
selected, o

The liocos project

Leaf-meal fodder is seen as a
f - Hired

Negative features

Local cultural attitudes against
Incurring debt are not foreseen;

Because of inadequate publicity
the people who needed this
project most are unaware that
they are eligible for it;

labour is inadequately

supervised;

The participants are unfamiliar
with tree farming and technical
assistance or extenslon services
are not provided; :

Soil conditions are unfavourable
and soil tests are not carried
out; ‘

Grazing animals are difficult to
control;

Jealousy and political rivalry
result in arson;

The dispersed characteristics of

- the fuelwood market resuic in

high transactlons costs.

One major reason for the successful
growing of trees (before the typhoon
calamity) was the good job PICOP
had done in providing technical as-
sistance and supervision to the tree
farmers. This included the hiring of
one sector officer per 173 tree farmers
to visit the sites, monthly meetings
with tree-farmer associations, and a
daily radio programme.

Secondly, the existence of an as-
sured market encouraged tree farming.
The minimum price guarantee was not
sufficient by itself, due to inflation.
More important is a willingness to
adjust the pricc as well as the loan
size regularly to compensate for in-
flation.  Thirdly, the World Bank
project built on the previous experience
of DBP and PICOP in the area con-
tributed to the success of tree farming.
The basic infrastructure for seedling
supply and tree farming already existed
in the project area and reliable data

were available on the costs and yields
of falcataria tree farms.

The project was a success from the
viewpoint of the company. It reduced
the uncertainty in the supply of in-
puts essential to continued mill opera-
tion and was an inexpensive way for
PICOP to gain access to pulpwood
with low overhead and labour costs.
Prior to the controversy following the
tvphoon, the project also served to im-
prove the company’s public relations,
especially important because of the
prevalence of “New People’s Army”
agitators in the project arca.

From the viewpoint of the partici-
pants, the project has been a mixed
success. mainly due to the typhoon,
the low purchase price, and the har-
vesting costs. If these issues were to
be resolved to the satisfaction of the
trce farmers, the project could continue
in the future, benefiting both the small-
holders and the company.



The Ilocos project is one component
of a US$4.4 million loan from the
World Bank to the DBP in 1978. Fol-
lowing a varation of the PICOP
model, the loan provides for 8 000 ha
of fuelwood tree farms in the Ilocos
region of northern Luzon (as well as
an additional 20 600 ha for other pur-
poses elsewhere in the country which
are not discussed in this paper).

The llocos region is the produc-
tion centre for Philippine Virginia
Tobacco, which consumes large quan-
tities of wood in flue curing. The
average tobacco farmer has less than
0.75 ha ard cures all his own tobacco
before selling it to private or govern-
ment trades. Households are also
facing increasing scarcities of domestic
fuelwood. llocos is one of the most
deforested regions in the country
(Philippine Natural Resources Man-
agement Center, 1977).

The basic goal of the Ilocos project
is the annual supply of 360 000 solid
cubic metres of fuelwood on a sus-
tained yield basis. A second goal is
to provide additional net income and
employment for the rural poor. The
project also has an environmental
quality goal of restoring the produc-
tivity of denuded or idle cogon-grass
lands. Lastly, an cquity objective
limits sites to a maximum of 50 ha
with no more than 25 percent of the
financed arca in sites larger than 25
hectares. In contrast to the PICOP
project, landless kaingineros are cli-
gible for this loan programme if they
have obtained public land occupancy
permits from the Bureau of Forest
Development.  In 1975, Presidential
Decree 705 removed the threat of
prosccution of kaingineros who were
already in place if they obtained per-
mits for remaining on the land and
complied with the forest occupancy
management code. In 1982, under the
Government's new ‘Livelihood Pro-
gramme” the emphasis was changed to
“assistance in place” rather than
resettlement of kaingineros.

The project provides financing for
90 percent of the costs of tree-farm
development (but not land acquisition
or harvesting) of a fast-growing legu-
minous tree, the giant ipil-ipil (Leu-
caena leucocephala). There is a four-

IL. The Tocos project

year grace period on loan repayments.
Loans carried the same interest rates
as in the PICOP project until late 1981
when the rate on secursd loans was
raised to 15 percent. Starting in 1979,
chattels on the future production of
fuelwood were accepted as collateral
instead of land and thus kaingineros
became eligible for the lower interest
rate on sec_urcd loans.

The trec-farming plan is based on
“coppice rotations . In other words,
the trees would be cut back at age
four to a height of 30 cm and allowed
to resprout for three- or four-year
cutting cycles. The seedlings supplied
by the Bureau of Forest Development
are planted at a close spacing, | X 2
metres. The sites are supposed to be
submarginal for agriculture; con-
sequently, tree farmers are expected to
apply fertilizer in the first and second
years. Weeding and singling are
required in the first three years. Fer-
tilizer and extension services are sup-
posed to be supplied to tree farmers by

the Bureau of Plant Industry (BPD)
in exchange for coupons provided by
DBP (World Bank, 1977, Annex I,
p. 4). Unlike the PICOP casc, the
llocos tree farmers do not have a tie-in
with a corporate buyer, nor do they
receive any marketing assistance from
DBP. .

All of the participants in the Ilocos
region arc landowners.  Although
kaingineros are eligible to take out
loans, none have done so. Four-fifths
of the participants admit annual
household incomes exceeding 6000
Philippine pesos, while two-thirds are
above 10000 Philippine pesos. Al-
though these people are not rich. they
have more than the average income for
the region and the nation. The mean
size of financed tree farms is 12.5 ha
while the median is 8.0 hectares.

The tree-farm sites tend to be in the
uplands away from the tobacco-grow-
ing centres along the coastal plain and
often are distant from the residences
of the participants. Before planting
ipil-ipil, only 5 percent of the sites
had been idle. 1n order of prevalence,
the sites had been used for grazing
livestock, wild trees kept for fuzlwood
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or polewood, rice growing. and [ruit
trees,

Changes in project design during im-
plementation. The main change in
project design has been the need to
vpen up the geographic eligibility for
the project to the entire country due
to the low recruitment rate in the
project area,

Within the region, some tree farmers
have taken short cuts by relying on
direct seeding rather than the trans-
planting of scedlings and those tree
farmers generally failed to produce
viable plantations. Few of the tree
farmers have done the recommended
amount of fertilizing and weeding. In
actuality, the coupon system for fer-
tilizer and extension services that was
part of the design of the project has
never been implemented despite a
memorandum of agreement between
DBP and BPL

As of April 1981, only thirty-six
participants had signed up for the
project, comprising a total of 442
hectares. Slightly more than 30 per-
cent of this area is in sites larger than
25 hectares. From an economic point
of view, government plantations would
have been a more effective way to
meet the wood demands of the tobacco
industry and houscholds, but this
would not have achicved the social
goals of the project.

The reasons for the low participa-
tion rate in this project include regional
cultural attitudes toward debts. in-
sufficient publicity, competition from
other government tree-farming pro-
grammes, perceptions regarding land
collateral requirements, and tree-farm
size restrictions.

Landed Tllokano farmers dislike
borrowing money from banks for any
purpose. Instcad, they rely on their
own relatively high rates of savings and
the equity of relatives. In some cases
when the younger gencration is willing
to take out a loan, older members
of the household who control the land
titles are not.

Furthermore, kaingineros are sub-
sistence farmers unaccustomed to a
cash economy. Thus, it is not sur-
prising that they are wary of loans
that may tic them to the Government
and vcould land them in jail if they
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fail to repay them. In addition to
covering the labour and material costs
of tree-farm development, these people
still have to meet their daily nceds
for food and do not have any savings
that allow them to take risks.

One of the applicants, a journalist,
blamed inadequate publicity as a cause
of the low project recruitment rate.
Most of the applicants first learned
about the project by word-of-mouth
through other participants or friends
and relatives rather than radio an-
nouncements, newspaper articles, ad-
vertisements, or public meetings. A
broader-based campaign might have
sparked the interest of more than a
few élite. Nor was there any special
outreach programme for kaingineros
who live in remote areas and have
little contact with the media. Kain-
gincros need to be reached through
face-to-face  communication  with
people they have learned to trust over
a period of time.

Some of the demand for tree farming
in the region has been deflected by
other government programmes. For
example, the Burcau of Forest Devel-
opment leases a small number of one-
hecta.e plots of public land for agro-
foresery, but does not offer loans.

The public’s perception of land col-
lateral requirements may also have
been a barrier despite a much more
liberal collateral policy for this project
than for the PICOP project. In fact,
DBP tried to help arrange public
land leases for potential participants,
but the Bureau of Forest Development
did not want to deal with small in-
dividual leases which it defined as
those below 1000 ha and it wanted
tree farmers to deposit 20 percent of
the leased area as collateral.

Restrictions on maximum tree-farm
size slowed the achicvement of tree-
nlanting goals. Malliari (1981) notes
that many Filipinos imitated successful
examples of large landholders. This
view is borne out by the number of
participants who cited one large tree
farmer as their source of information
on the project. Because smallholders
are risk-averse and short of capital
they want to see that an undertaking
is economically worthwhile.

The economic analysis of this proj-
cct is very sensitive to the yield as-

sumption (Hyman, in press (b)). The
base yield of 123 solid cubic matres
per hectare is taken from standard
tables for giant ipil-ipil on site class
13 in the Philippines (Bonita. [981).
The “medium yield” estimate further
assumes 100 percent replacament of
dead seedlings. The “low yield”
estimate accounts for a net scedling
mortality of 30 percent. Economic
analysis is also sensitive to the wage
rate since most of the costs are for
labour. There are some variations in
wages paid for casual, daily labour,
Including an allowance for food, com-
mon wage rates ranged from 13 to 18
Philippine pesos per person per day.
At the “medium yield”, the internal
ratc of return o the trec farmers
exceeds 18 percent at both wage rates.
Yet, at the “low yield” which better
approximates reality, the rate of return
exceeds 14 percent. However, the op-
portunity costs of converting the land
to tree farming should be deducted
from these figures.

The tree mortality rates of the Ilocos
participants have been quite high —
about half the tree farmers estimated
mortality at more than 40 percent.
This poor performance has resulted
from unfavourable natural conditions,
lzck of tree-farming knowledge, bad
labour relations between tree-farm
workers and absentee owners, grazing
animals, the dispersed nature of the
fuelwood market, fires, and infrastruc-
ture underdevelopment.

In general, the soils in the Tlocos
region are poor; they are rocky and
acidic. Although it is well established
that low soil pH greatly retards the
growth of ipil-ipil, there has been an
over-reiiance on this species in all
forestry programmes in the Philiboines
(Hyman, in press (a)). The soils are
not tested on the sites before the loans
are granted and repeated applications
of lime to increase pH would be ex-
pensive due to the lack of commercial
sources in the region and extra labour
involved.

Climate has also been a problem.
The Tiocos region experiences a long
dry season of seven to eight months
followed by a period of intense mon-
soons and destructive typhoons.

Most of the participants had no
previous experience with forestry and
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two-thirds of thecm have never been
visited by a forester or extension agent
offering tree-farming advice.  The
responsible governmicnt agencics were
lax in this regard.

Many of the participants live in
urban zreas distant from their tree
farms and entrust management to a
caretaker. In some cases, that worked
out well, but often it led to inadequate
supervision of badly motivated and
poorly paid hired labourers.

Nearly 44 percent of the participanis
have found it hard to nrotect trees
from grazing animals (carabaos, goats
and cows) or rodents.

The demand certainly exists for
the output relative to the existing
market in the region, but the location
of some of the tree farms is remote
and the transaction costs of sales to
small tobacco farmers and individual
households would be high. Tree
farmers might find it inconvenient to
locate small buyers. In addition,
wood is bulky and hence expensive to
transport.

Five of the trec farms have been
totally destroyed by fires. Arson was
suspected in those cases for motives
of econotnic jealousy or local social
or political conflicts.

About 17 percent of the trec farmers
criticized DBP branch officials as “un-
cooperative” or “unhelpful”, citing
rigidity in collateral requirements,
tight availability schedules or too many
demands before loan releases, and too
rapid a willingness to cancel sub-
sequent loan releases or declare
borrowers in default and subject to
immediate repayment. Most of the
low evaluations of DBP were made
by unsuccessful trece farmers.

[11. Financing smallholder
tree farming

Some general principles for the
finuncing of smallholder tree farming
can be drawn from these two projects.

Under the right conditions, credit
can be a useful lever for encouraging
cffective tree farming by small land-
owners. However, this requires paying
closc attention to local cultural fac-
tors and the complementary inputs
and services provided to borrowers.

Otherwise, such a project will be
doomed to low participation rates or
high failure and default rates. It is
also questionable  whether loans  at
subsidized, but nevertheless, high in-
terest rates can provide sufficient in-
centives for impoverished, landless
farmers who are unable to bear risks.

One of the important conditions
for success in smallholder tree farming
is to have a cooperating institution
that is active in supporting the project
and marketing the output. [n certain
countries, a responsible corporation
with a direct economic stake in the
success of the tree farmers may be
necessary. However, an active govern-
ment agency with sufficient resources
and a decentralized organization can be
very successful as the experience in
the Republic of Korea (Gregersen,
1982) and Gujarat in India (Khan-
chandani, 1981) demonstrates. In Scan-
dinavia, some paper companies work
through tree-farmer cooperatives as a
way of organizing the farmers for
their economic protection and as a
means of turning them into better
tree farmers. The success of coopera-
tives depends on cultural values and
their political acceptability. Due to

the orientation toward the family,
cooperatives have generally been un-
successful in the Philippines. The
availability of technical assistance is
critical where most participants are
new to tree farming.

In addition, wood-pricing policies
should be fair to provide incentives for
participation.  Arrangements should
also be made for harvesting and trans-
portation of wood if the existing in-
frastructure is underdeveloped or if
the private sector is exploitative, Ex-
tensive publicity campaigns will be
necessary lo ensure participation and
should include direct contact with the
rural poor in remote areas. Project
designs may also have to be more
flexible if landless people are to be
reached rather than the more well-to-
do educated residents of villages or
provincial towns.

Natural factors may pose constraints
to tree farming although their effects
can be minimized by matching the
proper trce to the requirements of
the site. There is no single “miracle
tree” for all purposes. Lastly, cost-
effective protection against grazing and
fires can be critical in ensuring the
success of this type of programme. M
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Teet of Shade Trees on leds 0[ Five (,l'ops in
the Humid Mmmlmn Rogum of Pucrto Rico'

José Vicente-Chandler, Fernando A bruita, and Servando Silea?

INTRODUCTION

With the exeeption of coflee, cneno, ad ten, there is little information
available on the effect of shade rees on tropieal evops, This information
could be useful in many ways. Tropienl fovests thinned in preparation for
planting shade-grown coffee, encao, or Len, could be planted to shide-
tolerant erops while the main erop comes into production, Bven the elnssi-
el “conuco’ system of farming, in which a plot of lnnd is eleared of trees,
hurned over, snd eropped antil soil ferlility is depleted, could be improved
through the use of shade-tolerant food erops. Instend of elesring the lund
completely, desirnble trees could be left to resecd the aren after the band is
nhandoned, thus improving the forests on o long-term hasis while helping
to feed the mpidly inereasing tropieal populution. Information on shade
tolevanee is also important in developing ceconomie systems of inlereropping.

In Puerto Rieo, thousands of neres of steep, shided cotTee plantings are
heing abandoned ay production shifts to smaller, higher yielding, sun-grown
pluntings. If shade-tolerant cropy conld be grown under the existing shade
trees, economic production could he combined with essentinl soil protee-
tion on these steep lnnds, :

This paper presents the resulis of a study on Lhe effects of sluule trees
on yiclds of taniers, corn, plintains, tobaceo, nnd hananns under typienl
conditions in the Humid Mountain Region of Puerto Rico,

MATERIALS ATID METHODS

The experiment wans conducted during 1963-61 near Juynya, on n site
2,500 feet nbove sen level and exposed to the trade winds (NN exposire),
Al minfall was about. 73 inches, fairly well distributed throughout
the year, except for o nnrked dry senson from January through Mareh,
Mean annunl temperature was about 72° 1., with maximum varintions

V' FPhin paper presents the results of an experiment enrried ont enoperatively by tho
Soil and Water Conservation Neseareh Divinion, Agrienlturnl Researeh Service,
USDA, and the Agricultnenl Experiment Station of tho University of Pucrta Rico,
Apprecintion in exprested to Mr. Luis A, Becerrn, on whose form near Juynyn the
fich! work wis condducted,

1 Projeet Buperviaor, Soil Sceiontiat, nnd Agcieattura) Pechnicinn, respectively,
Sail and YWater Conservatiom Resencels ihvision, Agricattural Resenreh Servieo,
HRDA, ctationed st tha Agricultural Kyvperiment Stntion of tho Univarsity of Puerto

Riea, Rie Piedos, P10
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ranging foom 58° 1a 1% 1 A thick growtn of trexs snd (Lraha covered the
land, formerly in shuded coffee but exsentinlly abandoned during the last
deende.

The soil is Los Guincos eluy on n 40-pereent slope with the following
charnctensties in the suiface 6 imsh'cs: '

[T1] I e v e evei et N B -
Orgunic matter. ...o.o.ooivviiiinen, veversirseneess Pereont. ol 74
NIFOECI. . oot crreeeanns AR } ITTO P A
Cation-exchinngo eapneily.......... P | TUTIVA 11,771 TR ] B
Iixehangeable enlctum . ............ I 3 [TTIVA 1) {71 PN 3.8
Exchangeable magnesium. . ... ......00ioon... R Meg. /L0 g ... 1.3
Lxchangenblo potassium. .......... vecerineonreeess Meq Ui g, ... .5
Exchnngeable manganese . . ............... Ceeeeriees Ppave, ooooia i E1H

Fxchangeable aluminum. ................ Ceveeiiiens 5 1 T 121

Bultk density . ... ioats, DN It
Purcs drained at !'s alm. of pressure. . ..oovinonne Pereenl. .. .......... 15.5

All vegetation was reinoved from the unshaded plots, but suflicient
trees—mostly guavas (Inga inga (1)) were left in the shaded plols to
pravide about 50-pereent shade which wns maintained by periodie praning.,
Individual plots were 60 x 20 feel with 40-foul borders hetween plots.
The treatments were replieated three times with each erop in o mndonized
block design.

All crops were planted in the undistwhed soil since Vicente-Chandler
el al? have shown that it is nol necessary to Ll these soils. The erops
were managed aeeording 1o the best practices, and pests and diseises were
controfled with the exeeption of the Sigatoka discase, o leaf spot causid
by Cercospora musae, of bannnas and plantaing. This disense wis not
controllad, sineo spraying is nol pracliced at present in Puerto Rico because
of the difliculty of carrying out this operation on the steep mountain lunds
al the required 10- to 15-duy interval. T'nble 1 provides information on the
craps tested.

Crop yiclds were delermined for ench plot. Avernge sunlight intensity
in ench plot was determined at noon on a clear day in July 19614, by mnking
10 measurcments st random in ench plot, usmg u Weston Model 603 sun-
light meler.

3 Vicente-Chandler, J., Caro-Coatas, R., and Bonetn, 120, High Crop Yields
Produced with or without Tilinge on Three Typical suila of the Humid Mountuin
Legion of Puerto Rico, J. Ayr. Univ. I'.J8., 50(2): 14G-50, 1N,

CPraito namea and company nnmes uro inebided in this publiention ta provile
information to tie reador, and do nob impiy endorement of the product listed by
tho WL, Departiment of Agrienlturo or tha Agriculturnl Fxperiment Station of the
llnivcruily of Puerlo Riea, nor any elnim for superiority over nny olhier corcorns or
products,
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RESULTS AN DISCUSSION

BUNLIQIT INTENSITIES

Ihe following tubulntion shows the foot-cundles of light in the slnded,
plots: i.e., Mensurements were made inunedintely nhovo the crop:

Peplicate Awrage Masimum varlations wilhin plois
A 5,460 2,400—-10,400)
n 7,070 (2,400-~11,400)
C 4,430 (2,100—10,800)
Averago g,320

Sunlight intensity in the shaded plots was nhout half thnt in the unshaded
plots (11,700 ft.-c.) md varied greatly from i loention to another in
the same plot. i

Tavri 1.—Infurmation un cropy lested in this invesligation

{Crop Variety Ilants per acre Fertilisation
Number Lb.Jacre/crep

Tuniers Morada 7,200 (3’ x 2') 1 tan 1043-20
Corn Mayurbeln 14,520 (3’ x 1) 1g ton 144-10
Plantuing Maricongn 720 (U x 10') 1 ton 10-6-20
Tobuceo Olor 9,080 (3’ x 113) 35 ton 0:9:-10
Bty Cuvendish 622 (7 x 1 \

: (Monte-Crinto variety) | and 871 (5" x lU’} I tun 12-6-14

TONACLL

he following tubulation shows the cffect of shde trees on pounds of
eured tobneco produced per nero:

Raplicate Unshaded Shaded
A 1,771 1,044
B 2,118 1,056
(4] 1,195 1,310

Averugy 1,698 1,537

Similar high yields of cured tobneco were produced both in full sunlight
and under shude trees. Shading did not alfect appenrance of the tobueco,
whicl was nll grnded CLIY or X119, d.e., of highest quality. This excellent
erop of tohaceo was grown during the off-senson (Murch—July).

PTANIEUS

The following tabulution shows the effeet of shinde trees on pounds of
tniers svoduved per nere: '


http:off-sit.sn
http:tohlb'.eo
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B ‘c.‘}:}u'i-.’f R Unsaad: s Siudid
A 13,100 2,400

B 12,500 3,000

C. 7,800 4,500
Averngo 11,088 2,0

L]
Shido trees reduced tanier yields 1o less thun one-third of those pruduced
in full sunlight, :
CORN

‘The following tbulation shows the elfect of shade trees m‘i pounds of
fresh corn on the ceh produced per nere: T

Replicate Unskaded Skaded
'A 4,270 1,70
B 4,980 .
¢ 4,740 2,240

Averngo 4,470 1,080

Corn yields were severely deerensed when grown under shade tres,

PLANTAINS

‘Phe following Lubulation shows the cffect of shade Lrees on pouls of
phntaing produced per nere: P
Replicats Unibadd - Shaded

A 10,520 14,450

B 10,870 . 15,510

©C 15,100 11,900

Avorage 16,103 13,040

Fruils por ncre 25,422 22,342

VFruits per bunch K1 32
Weight of fruit (pounds) O 04

Shade trees stightly depressed plantain yields by decrensing the number
of fruit per bunch. Fruit size was not alfected by shading.

The following tabulation shows that shade trees almost preveutad the
development of leaf spot (Sigatoku) disense on 7-month-old plantains:

Percentage of heavily infected leaves

Keplicals Unshuled Shaded
A 17.7 0
] 22,1 1.8
¢ 22,3 0.
Avernge 20,7 0.6

0y
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Fra, 1. A, Well-fertilized, henlthy bananas growing in partin! shade provided by
“innva® (Inga :age (1)) trezs. Nolo excellent protection nffurded this ateep soil
iy the shinde and bannnu trees and by tho closc-growing ground cover. 13, Shadedd
muunne (center bunch) yielded 12 tona of marketable fruit per acro comparesd to
mly 6! tona, printueed in fall sunlight where dunago by lenf gpot often prevented
ull develapment of the frait (seo left and right bunches).
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FFFECT OF SUHADE TREES ON VIELDS OF #IVE CROIS

BANANAS

inepeneing population frou E%5 4o UM slasty per aere indrenst yics
of marketable hunanas hy about 5,000 pounds per aere, hoth in full sun-
light and under shade trees (Inble 2). Buneh-size was nol appreciably
uffected by population,

Twiee 18 high yields of mwrketable hbananng were produeed under shade
brees (fig. 1,A) than in full sunlight (lable 1), Yields of over 12 tons of
fruit. produced with 800 plants per neve under shide trees nre considered
excellent., '

The higher yields produced under shade resulted from the produetion of

Tanww 2.—The effect of shade treex and plant population on pownda per avre of
bananas produced al Juyuyn

Unshaded Shaded
RC'I"I‘I'C K e A T T
600 planis per acie! | A0 plants s ecret ‘::'.".I::"“ "::’""Il""':'
A 0,360 (14,760) | 12,480 (18,320) { 21,060 23,200
B 7,410 (12,480) | 12,160 (16,4300 | 16,800 | 21,100
C B,BRO (1:3,920) | 14,400 (1,-010) § 20,520 27,00
Average | 8,560 (13,720) | 13,003 (18,080) | 19, 60 | 20,m07
Avernge weighl per bunch, | 14,3 (22.0) 16.3 (22.6) 324, 3.1
pounds
Average hands per huneh, 3.6 (6.3) 1.1 (6.33) 7.1 7.1
numbher

nre for total yickds, All bannnus produced wder shade .

' Iigtres in parentheses
were marketable,

heavier bunches due to better development of the fruit. (fig. 1,18). This,
in furn, is explained by the lower incidenee of leal spol as shown in the
following (abulation giving the percentage of hannnn leaves severely dion-
nged by leaf spot when the plimting wig 7 months old:

Replicals Unshaded Shaded
A 51.0 6.1
1] 50.0 20.2
c 7.7 4.7

Avarnge 1.4 25.0

- Lenfl spot dnmnge incrensed so rapidly ns the plants matured, that many
of the sun-grown plants had no henlthy fenves ol oll and were ineapable

s
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of developing the lower hands (fig. 1,8). ‘The attenunting efect of tie shinde
trees on leaf spot is apparently relnted to redured dew formation on (he
shaded banana leaves,

"The shaded bananas matured somewhat later and at o move uniform e
than those growing in full stnlight, Only 38 pereent of the shaded bananas

ere hawvested during the sixteenth nind seventeently months after plnting,
compared Lo 65 pereent. of those grown in ful) sunlight. ‘I'he high elevation
neeonnts for the rther lute maturity in hoth coses,

"The production of high yiclls of bananas uider shade brees, in loeations
where spraying for control of leaf spob is impractical beeause of steepness of

_the land, small size of holdings, lack of Lruined personnel, ete., has important.
implieations. Under such conditions, the production of hananas under shade
trees conld be o practieal and profitable enterprise. Tn some enses it might
be possible to improve tropient forests by thinning to leave only desivable
trees Lo reseed the aren, and planting banmnas as o lemporary eoash o food
erop. In Puerto Rico’s Mountain Region, thowsands of neres of shaded
coffeo plantations nre heing abandoned s proctuction shifts to smaller,
higher yielding, intensively mannged, sun-grown plantings. ‘There are
few alternative uses for this land, much of which, with shade trees extant,
could he put into profituble, stable production by planting to hananas,
Cost of bringing an intensively managed, lightly shaded banann plantation
into production over u 1-year period s estimated at $200 per aere, with a
net profit of $100 to £200 per ucere yenrly thereafter.

"This system of producing bananas allows for exeellent erosion control
in the steep mountains which are the main source of the Island’s limited
water supply. Part of the tree cover is retuined, the bananns are planted
direetly in the undisturhed soil und the natural ground cover is muintained,
Since bannnns bewr for many yemrs the soil is proteeted continuously hy
the combination of ground cover, banann wnd shade lrees (lig. 1,A).

SUMMARY

The cfféets of trees, providing about 50 pereent of shade, on yiekls of
lobaceo, corn, taniers, plantains, and bananas were delermined in the
Mountuin Region of Puerto Rico, with annual minfall of ahout 73 inches
and & menn annal tempernture of 72° |11,

Shade trees severely redueed yiekds of taniers und corn, reduced those of
planinins anly slightly, aud did not affect yields of tobyeco,

Hunanay producad hwice as high yields of mnicotahie fruit under shade
than in full sunlight beeause of redueed davmagze by leaf spot, (Sigatokn)
disense. The possibility of converting abandoned, shaded colfee plantations
to high producitivity, together with conservilion, hy growing hasinnns
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i nudisturbed soil with nataral ground cover wnder shide trees is promis-
ing. '

RESUMEN

Se determing el efecto de unn sombrn de aproximadamente 50 por iento
producidn: por drholes, sobre los rendimicntos de tnbaeo, mafz, ynutfa,
pkitanos y guineos en In Regidn Montniosa de Puerlo tivo, con Huvin de
74 pulgndns anunles y una temperature medin de 72° 19,

La pidueeidn de mafz y yautfas se redujo mareadiunente n ln sombin
y L de pldtanos muy levemente. Sin embargo, kv smnbin no tuvo efeelo
obre In produceion de tuhaco.

La produccion de guineos parn el mereado fué dos veces mayor o la
sombra que o pleno sol, debido n unn menor incidencia de ln maneha de
tas hojus (Signtoka) cunndo se sembraron n In sombra, Se diseute la posi-
balidad de producir guineos luerativiamente en pluntaciones de eafé ubian-
donwlas, dejundo poen sombrn y I vegelaeion cobertorn natural, priun
prroteger el suclo contrn In erosion,
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Fuelwood and charcoal

in developing count

.',

For the poor in developing countries,
both urban as well as rural, wood is
usvally the principal source of energy
for zooking food and for keeping warm.
In these countries an estimated 86
percent of all the wood consumed
annually is used as fuel. As popula-
tions have grown, this dependence has
led inexorably to pressures on the
wood resource which all too often
ha-e resulted both in the destruction
of the forest and in a worsening of the
situation of the hundreds of millions
of veople whosc life is conditioned
by the products of the forest.

J.E.M. ArNoLD is Chief of the Plans Unit
of the FAO Forestry Department and JuLEs
Jongma is a Dutch forest cconomist. This
artizle is a preview of a position paper to be
given at the 8th World Forestry Congress
in Scptember 1978 in Djakarta.

Available data on wood fuel con-
sumption are based largely on esti-
mates, as the greater part of wood
fuel production and usage occurs
outside commercial channels and thus
goes unrecorded. On the basis of the
latest information available and some
recent household surveys, the total
annual output and use of all wood
for fuel in the developing countries
is estimated to reach 1 200 million m?
(Table 1). This compares with roughly
150 million m* used annually in de-
veloped countries. About half of this
wood fuel is used for cooking, about
one third for heating the house, boil-

.ing water, etc., and the remainder

for other domestic purposes, for agri-
cultural processing and for industry.
Consumption takes place mainly in
the form of fuelwood (firewood), with

ries
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charcoal accounting for a minor, but
apparently substantial, part of the total.

Wood fuels account for two thirds
of all energy other than human and
animal energy used in Africa, for nearly
one third in Asia, for one fifth in
Latin America, and for 6 percent in
the Near East. This compares with
the one third of 1 percent of total
energy use which wood fuels account
for in developed countries.

In the rural areas of most developing
countries, the dependence on wood
and other non-commercial fuels is
often almost total. The principal non-
commercial fuels other than wood
are animal dung and crop residues. It
was recently estimated that energy
from the use of animal dung as fuel
is at present equivalent tc around
13 percent of the energy being used

O\



in the form of wood fuel, and that
energy from crop residues is at a level
equivalent to about 16 percent of the
energy produced from animal dung
(Eari, 1975). In aggregate, wood fuels
taerefore account for about 85 percent
of a!l non-commercial ensrgy in de-
veloping countries, other than human
and vnimal energy. Even in India, with
a well-developed commercial energy
secior and a shortage of wood in
most rural areas, wood fuels were
sstimated to account in 1970/71 for
34 percent of total energy consumption,
and all non-commercial organic fuels,
including animal dung and crop res-
idues, accounted for 56 percent of
total energy (Henderson, 1975), and
for 93 percent of rural domestic energy
requirzments (Revelle, 1976).

An impression of the roie of wood
fuel ia rural villages in developing
courtries is given in Table 2, which
reproduces estimated energy budgets,
including human and animal energy,
for a number of prototypical composite
villages in Asia, Africa and Latin
America (Makhijani and Poole, 1975).
In four of them, energy from wood
fuel is =quivalent to the total domestic
use of energy, and to 65-85 percent
of total encrgy use, including agricul-
tural and processing uses. Only in
Bihar in India, where wood is in ex-
tremely short supply, and in northern
Mexicc, where higher incomes permit
the use of commercial fuels, does
wood not dominate the energy total.

Results from a number of surveys
of wood consumption in various coun-
tries in Africa and southeast Asia
are summarized in Table 3. In these
countries nearly all wood fuel is used
for domestic purposes and for local
agricultural processing, and it is the
principal fuel for nearly all rural house-
holds ard about 90 percent of urban
households. The pattern of household
use of wood fuels differs between urban
and rural areas. Though use of fuel-
wood is generally much lower in towns
than in the country, urban use of wood
fuels can in aggregate be high, because
of the often substantial use of charcoal,
Urban use can lead to very large con-
centrates demands.

Use in B ingkok in 1972, for cxample,
amounted to 3 million m® of wood
according to FAO's de Backer and
Openshavw,

Though of much smaller magnitude
than household use, wood fuel for
processing and service activities in
developing countries is still very sub-
stantial, accounting for between 2 and
I5 percent of total use in the countries
in Africa and Asia where surveys have
been carried out. Though some of
these uses are dispersed. such as char-
coal for commercial food preparation
and for ironing, or firewood for brick-
making and cement, others give rise
to very large demands concentrated in
single locations or small areas. For
example, tobacco-curing is estimated
to have required 1.1 million m* of

much more heavily used than is usually
believed — in Thailand, for ecample,
nearly half of all wood fuel is first
transformed into charcoal; also, that
its use is rising much faster than that
of fuelwood, for a variety of reasons,
as we shall see,

Domestic energy requirements vary
with climate, family size and cooking
habits. In general they may be esti-
mated to range from about 1.25 million
kilocalories energy input pet caput
per year (cooking food on zn open-
fire stove in the warm lowland tropics)
to over 6 million kilocalories {cooking
and heating in cold upland areas).

TABLE 1. — Estimatod use of wocd for energy in 1971

Consumption of wood fuel * Energy from wood fuel
Coal Purcent of
Total per caput | gquivalent * |tote; energy
Milllon m* m* Milllon tons
Asla and Pacific : ]
Southeast Aslo and Pacific . . 278 0.91 92 62
South Asta ., . . .. . . . 267 0.38 a8 43
China and other Asla . . . . 148 0.18 49 o Y
Total . . ., , ., ., .l 693 229 .29
Near East - 13 0.15. ’ 4 8
Africa _ | T
North Africa . . , , , ., , §5 0.50 18 - 41
West Afrlca . . . , . . . 110 0.92 B B A /-
East Africa . ., . . . ., . 117 1.14 39 5 . 15
Total , ., ., ., ., .. 282 23 - " 66
Latin America - :
Central America* . , , , . 33 036 1 . 9
South America. . . . . , 199 1.03 66 29
Total . . , , . . . 232 77 , 20

Source: FAO estimatea of wood fuel; UN Statistical Yearbook, 1973.

' Fuelwood plus wood for charcoal. —

* CE = coal equivalent: assumes one cubic metre of

wood Is equivelent to 0.33 ton of coal. — * Total enargy exciudes organic fuels other than
wood, and human energy and animal labour. — ¢ Includes Caribbean.

fuelwood in Tanzania in 1970 (Open-
shaw, 1971) and, together with rubber
preparation, nearly 300 000 m’ in
Thailand in the same year. Demand
in such processing uses is now growing
mnuch faster than household demand,

What the overall shares of firewood
and charcoal might be in the total
consumption of wood fuel can only
be guessed at. Quantitative informa-
tion about charcoal use, other than
on a large scale for industry, is prac-
tically confined to such scattered sur-
vey results as are summarized in Table
3. These suggest that charcoal is

This would be equivalent to an annual
requirement of from about 0.5 m’
to well over 2 m’ of air-dry fuelwood
per person.

In most countries, use of wood fLel
in the rural areas is predominantly
in the form of fuelwood, and liss
mainly outside the monetary economy.
In Tanzania, for example, less than 5
percent of all rural wood fuel used in
1967 was purchased. Therefore, the
paramount factor determining the ac-
tual level of consumption of wood
fuel that takes place to meet rural
domestic energy needs is physical avail-

|
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COOKING WITH REED CANES IN EGypT
Juel is where you find i1, if you find it

ability. Thus migrants from the wood-
peor hills of Nepal to the forested
Terai region of that country have been
found to use twice as much fuelwood
as their companions remaining in the
hills (Earl). In Thailand the household
use of fuelwood in the wood-poor
centsal region is less than half what
it is in the rest of the country. In the
platcau area of nporthern Tanzania
the difference in household use of
wood fuels between villages in wooded
arcas and villages with little or no
surrounding woodland is more than
threefold.

The best estimates of consumption
of wood fuels, sununarized in Table 1,
indicate that in general, in the regions
wherz wood resources are still quite
abundant and conveniently distributed
relative to population — southeast
Asia, Africa south of the Sahara, South

America — average annual consump-
tion of wood fuels per caput is usually
close to | cubic metre. In the regions
where, either through heavy population
pressure or a poor natural forest en-
dowment, wood is scarce — China,
south Asia, the Near East and north
Alrica — consumption drops to 0.5
cubic metre and - below. The infor-
mation in Table 3 from consumption
surveys in a numoer of countries illus-
trates something of the variation within
these averages.

Given that most of its use does lie
outside the monetary economy, it is
not surprising that, over most of the
range of income prevailing in devel-
oping countries, fuelwood use appears
relatively insensitive to change in in-
come. An analysis of national per
caput averages in 1971 disclosed a
slight negative correlation between

fuelwood consumption ard income
growth in Asia, but no discernible
correlation in Africa and Latin Amer-
ica. Evidence from withir countries
is similar. In Thailand, for example,
average household consumption of
wood fuels in four of the five different
income groups was approximately the
same, while in the highest income group
it was somewhat lower. In Tanzania,
there was again no significant differ-
ence in average per caput consump-
tion in the income groups covering
the poorest 90 percent of the rural
population, while in the highest income
group it was 10 percent less.

In urban areas, the correlation be-
tween wood fuel consumption and in-
come is somewhat more pronounced,
as more wood is usually sold or bar-
tered. The income elasticity of de-
mand is possibly slightly positive, ex-
cept for the upper income classes.

In monetized fuel markets, where
price becomes a paramount factor,
wood eventually becomes less competi-
tive because of its low efficiency and
high delivery costs. On the other hand,
other fuels require investment .n stoves
befor: they can be used, which may
be an important consideration for low-
income households, even if the relative
p.ices of these fuels would later allow
lower operating costs. Thus the major
obstacle to the substitution of other
commercial fuels, even in towns and
cities, is quite simply that people are
too poor to buy the necessary equip-
ment to use them.

When fuelwood is displiced, it is
usually first displaced by anothur wood
fuel, charcoal, which has twice the
heat value per unit of weight of
wood and is more energy effisient in
application.

Charcoal is in fact in many re-
spects a high-quality fuel and in terms
of efficiency of domestic use it may ac-
tually be cheaper than fuelwood.
Many factors contribute to the pref-
erences in its favour: it is smokeless:
its burning characteristics; te davour
it imparts to food; ease of siorage;
simplicity of charcoal stoves, which
make possible the use of the fuel
with very little cash outlay.

Because between 30 to 50 percent of
the heat value of wood is lost during
conversion to charcoal, it may be
more efficient to use fuelwood where
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transport distances are short and trans-
porr costs low. With its advantage of
increased transportability (partly offset
by i‘3 bulky nature and its susceptibility
to losses in handling due to pulveri-
zation), charcoal becomes increasingly
attractive over longer distances. The
balance between fuelwood and char-
coal, and the limits of economic supply
for the latter, depend on production
costs, transport costs and market
prices of charcoal and alternative fuels.
In a recent study in east !Africa, it

was found that fuelwood was more
attractive up to a road distance of 82
km, and charcoal beyond that distance
(Earl, 1974). In many areas charcoal
supplies are transported over distances
of several hundred kilometres and
charcoal enters international trade.
As most fuelwood which is used is
collected for own-use as the need
arises, and as collection and transport
of wood fuel in rural areas are mainly
by human and animal labour, its sup-
ply is generally limited to areas within

TAP'.E 2. — Energy budgets of prototypical composite villages In different reglons

walking distance of the consumer.
In a recent survey in Indin, it was
found that villages located inside or
adjoining the forest meet tneir total
fuel requirements from the forest
(fuelwood and other vegetative ma
terial), In areas within 10 km of
forest boundaries about 70 percent of
the fuel used comes from the fcrest;
beyond 10 km, the use of fuelwood
from the forests diminishes steadily
until at about 15 km it is zlmost nil
(Mathur, 1975). This type of pattern
has been reported from maay other
areas,

Although fuelwood for the market
moves over considerably greater dis-

Bihar, |[E. Hunan,|Tanzanlan | Northern | Northern | Bolivian tances., §upply zones still tend to be
Indta China plateau Nigeris | Masxico Andes very limited.

Wood is relatively energy-inefficient
veee...... Million kilocslories/caput/year® . ....... .. fuel, compared with other fuels. As
Organ'c fuels fuelwou ! has a high ratio of weight
woed fuel 025 5.50 3.75 ga3 to calorific output and hence to value,
othor? . . 0.75 % 5.00 —_ — % 3.57 — it can seldom absorb the costs of trans-
. ) port over any but short distances.

Commercial energy . 0.04 0.87 - 0.03 8.19 -_ . LT
Human energy . . . 0.75 0.75 0.75 o7 0.89 0.83 In the savanna region in ngf:rla, for
Animal labour . . . 188 | 125 | - 018 | 178 | 250 cxample, although fuelwood s trans-
ported by road for distances of up
“otal . . . . . 3.67 1.87 6.25 4,87 1543 11.66 to 100 km, a more normal limit on
supply distance is less than 50 km.
(a) for domestic use 1.00 5.00 5.50 3.7 425 8.32 2[;1)' consequence of the localized
(5] for agriculture . 1.82 2.07 0.57 072 | 1025 168 © 1 vize
(ciother * . 085 | o080 | o8| o018| o090 | 165 character of fuelwood supply is to
put increasingly heavy pressure on

Source: adepted from Makhijani and Poole, Energy and Agriculture In the Third World, Ballinger,

Cambridge, USA,

L All dnta refer to gross {input) energy. — * Animal dung and crop residues. — * Transport,

crop prucessing, etc,

TABLE 3. — Pattern of consumption of wood fuels In selected countries

the tree cover and other woody
vegetation clcse to centres of popula-
tion and to processing activities using
wood fuel. It also tends to put an
increasing premium on other, more
accessible, sorts of wood, such cs tree
crops, logging residues, processinig res-

idues, and used wood. As a result,
For urban use 5 gyubstantial part of fuelwood supglies

Average use For housshold |(shars of total P 4P
Year  loer caput/yr| A charcoal use e o old tend to come from sources other than
use) the standing forest tree. In Thailand,
A for example, it was found in 1972
m ceceeecoparcent. L that 57 percent came from cutting
Qumbla Coee 1973 161 26 85 25 outside the forest and from wood res-
Indla . . . 1970 0.38 _ —_— —_— idues. In Sri Lanka, over half came
Kenya . . . . 1960 1.00 8 98 - }'ro? ru_b-'ocr.an;lgggconut plt?ntatri?x;ls.
n Tunisia, in , some four fifths
Lebanur. . . . 1959.63 0.17 37 9 20 came from shrubs and tree crops.
Sudan . . 1862 1.68 42 98 15 It can therefore be wrong to equate
Tanzan's 1960-81 1.14 - 97 wood fuel use exclusively with drain
1968-69 2.29 3 93 on tl.\cl fo(;f:st, andlto'do 50 czlzn lgad
to misleading conclusions in planning
Thailand . . 1970 1.36 46 A1 12 future wood fuel supplies. Eventually,
Uganda . . 1959 153 - 92 - however, such intense pressures can

Source: Acports of FAO-assisted surve,s
Ur.anda; unpublished roport o
Agriculture, India (see References).

in Kenya, Lebanon, Sudan, Tanzanla, Thalland and
ODA survey in Gamble;

National Commission on

lead not just to destruction of the forest
but to complete removal of all tree
and scrub cover. In the densely popu-
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A CHARCOAL PROJECT IN TUNISIA
getting more calories out of scarce wood

latzd Gangetic plain, for example, the
forest cover has been reduced to 0.35
percent of the land ares in West Bengal
and to about 2 percent in Uttar
Pradesh.

The impact of demand for wood
fuel is felt most heavily around centres
of papulation and processing, where
demand is concentrated. The use of
3 million m’ of wood for fuel in
Bang=ok, for example, is felt over a
large part of Thailand. Even in the
Sahel, a sparsely populated region,
areas surrounding small and medium
cenires of population are largely de-
forested, and around a fishing centre

in the Sahel, where the drying of 40 000
metric tons of fish annually requires
130 000 tons of wood, the deforesta-
tion extends as far away as 100 km.
Morecover, the affected area grows
with frightening speed. It is reported
from one large town in the Sahel that
while until recently nobody used to
haul fuetwood more than 50 kilometres,
now it is common to go 100 kilometres.

Not the least consequence of urban
demand is to put a monetary value
on fuelwood supplies, so that they
become inaccessible to rural popula-
tions dependent on subsistence collec-
tion. In a recent study in central Java

it was found that this was particularly
prevalent in the poorest areas, precisely
because they offered so few aiternative
sources of cash income (Wiersum,
1976).

There are a number of other conse-
quences of heavy fuelwood use. Where
it becomes scarce or costly, the two
most frequent substitutes are animal
dung and crop residues, which could
reduce the production potential of the
soil. The diversion of dung from use
in agriculture is cquivalent to burning
food in order to cook food. It has been
cstimated that each ton of cow dung
burnt may mean a loss of the order
of 50 kg of foodgrain. Although esti-
mates vary widely, “stal use of cow
dung for fucl in parts of As:a, the Near
Fast and Africa may be in the order of
400 million tons wet weight.

Under conditions of population
growth, a cumulative process may be
started or accelerated by this diver-
sion of nutrients from crop production.
Unless compensated by the applica-
tion of fertilizer, the use of animal dung
as a fuel will lead to lower yields per
hectare, which is likely to create addi-
tional pressure to bring more land
under agricultural crops. 'Where this
can bc achieved only by turther en-
crorchment on the forest, future do-
mestic energy prospects may; worsen
and even more dung may have to be
diverted to meet energy requirements.

As fuelwood becomes scarcer, find-
ing fuel for the household becomes
an increasingly arduous burden, which
usually bears most heavily on the rural
woman. Fuelwood that could be col-
lected in the immediate vicinity of
most households a few years ago now
has to be gathered and carried from
a distance a half-day’s walk away.
In the process, progressively mre rural
labour has to be diverted to the supply
of fuelwood. ‘Even in conditions of
usually widespread rural uneraploy-
ment, fuelwood gathering could be-
come a significant constraint on other
activities in those seasons of the year
when agricultural labour is in demand.

The shortage of gatherable organic
fuel weighs disproportionately heavily
on the poorest. If it had to be
purchased at prevailing prices, fuel
would absorb up io 25 percert in the
poorer parts of the Andean sierra
and the Sahelian zone. For the poor,
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the opt:on of substituting commercial
fuels as organic fuels disappear is
very linvited. The mosi important con-
sequenuss of growing fuelwood short-
ages for millions of people is thus the
progressive disappearance of the means
to cook food and to ensure an essential
minimum level of warmth.

The question of how to respond to
this massive dependence on wood for
fuel in developing countries needs to
be approached with some caution.
Because wood is the predominant
fuel at vwresent does not mean that it
will pecessarily remain the most ap-
propriaiz fuel. In the course of the
five tc ten years that it will take for
a fuelwood plantation to produce wood
of harvestable size, it m:ght be possible
to rais~ incomes in a particular area
to the level where kerosene or some
other commercial fuel could be used.
The resources that would have to be
deployed to create the plantation
might thus be better employed in this
direction. Similarly, the erodable slopes
laid bar: by fuelwood cutting might
better b replanted with an income-
generatiag trce crop than with fuel-
wood species. The burning of animal
dung and crop residues might more
appropriately be prevented by use of
biogas plants, which convert organic
matter to a usable form of energy,
methane, and at the same time produce
organic fertilizers as a by-product.

Urgency

However, for the foreseeable future,
locally available wood and other or-
ganic materials will continu¢ to meet
the bulk of the cnergy requirements
of the rural peoples in the developing
countries. At the levels of poverty that
are all too likely to prevail, the poorer
people wili be unable to afford anything
else. To meet the growing demand for
wood fuel~, and to limit the negative
eflects of using the forests for this
purpose, a2 more urgent and widespread
attempt is needed to actively meet
domestic energy requirements, in par-
ticular in areas such as the Sahel,
the Gangetic plains, parts of Java,
the Andes and possibly regions in
China, where shortages of organic
fuels already occur or are imminent.

In addition to these critical areas,

there are many where wood could
be the rational choice over other
available sources of energy. Its wide-
spread occurrence and its renewability
make it suitable for dispersed, remote
markets. It can be used, and created,
with very little in the way of capital
expenditure, with no outlay of foreign
exchange and with easily acquired
skills. It can make use of land unsuit-
able for crops and make organic matter
available for the production of food.

Options

Within the framework of mecting
demand for energy with wood fuels,
a number of options exist. The first
is by using fuelwood more efficiently.
The traditional ways of burning wood
for cooking and heating are in general
not energy efficient. Energy require-
ments for cooking on open, slow-
burning fires have been estimated to
be about five times as high as for
coking with a kerosene stove (Makhi-
jani and Poole, 1975). In a study in
Indonesia it was found that on the
usual types of fuelwood stove 94 per-
cent of the heat value of the wood
was wasted. Simple improvements in
wood preparation, in stove design and
in cooking pot design reduced the
consumption of fuelwood for cooking
by 70 percent (Singer, 1961). The
cash outlay on stove and pot are an
evident constraint in achieving such
improvements. However, the costs
involved are small, and probably
smaller than those required to adopt
any other fuel.

The renewable nature of the forest
also offers potential for sustained
output of wood for fuel, provided
appropriate harvesting and manage-
ment can be instituted before destruc-
tion reaches an irreversible point.
Though this can often imply a degree of
control which can be difficult to or-
ganize and administer, this need not nec-
essarily be so.  Efforts of this nature
have often been thwarted due to an
esscntially negative approach to the
management and control of pole and
fuelwood cutting, which centres on
prohibitive legislation. More positive
and imaginative approaches are needed.
In an area of central India, for ex-
ample, destructive cutting of the forests

was halted and sustained fuelwoor
production built up, by devising :
control system which could be im
plemented by the local people withi
the framework of their establishec
tribal customs and practices {Chak
ravarti, 1976),

Another important means of rxtend
ing the wood-based fuel base js thrc.ugt
transforming wood into charcozl. Be
cause charcoal can be transported =co.
nomically overlongerdistances, produc.
tion of wood-based fuel in the form ol
charcoal can be extended over a muck
wider area than the production of wood
to be burned as fuelwood.

Though the properties of charcoal
vary with the wood raw material and
particular woods have to be used for
charcoals for certain special purpcses,
virtually all woods can be conve.ted
into charcoal. Charcoal producticn can
therefore be based on the large vol-
umes of wood of other than commercial
timber species which are otherwise
destroyed in land clearing for shifting
or settled agriculture in the tropics,
or which are left unused in tropical
forests after logging. In recent studies
of what volumes might be avaiiable
for charcoal manufacture, estimates
were arrived at of 100-200 m*/ha in
tropica’ high forest in Surinam, 75
m*/ha in the Terai area in Nepal,
50 m’/ha in Ivory Coast and about
88 m’ha in the cerrado region of
Brazil. While parts of these volumes
might equally be used for pulpwood
or poles, use as fuel is often likely
to be an appropriate outlet.

With the steady shift to clear-felling
and planting in tropical forestry, char-
coal manufacture based on the non-
commercial component of the starding
volume is coming to be seen as an im-
portant tool of forest managemcnt.
In Uganda, for example, successful
introduction of charcoal manufacture
from harvesting residues brought 2bout
an increase of charcoal production
over ten years from 200 to 63 700
tons (Earl, 1975). Uncontrolled working
of the forest for charcoal, however,
can be as destructive as uncontrolled
fuelwood cutting,.

Charcoal can also be based on p'an-
tation-grown wood, but the low con-
version factor tends to make charcoal-
making unprofitable when the cost
of growing the wood has to be taken

N o


http:stand.ng
http:generati.ig

into account. Plantations can be com-
petitive, however, where they concen-
t:ate supplies close to the market,
aad so produce an offsetting reduction
in transport costs.

A feature of charcoal is the ease with
s:hich it can be produced. The bulk
of the charcoal produced in the world
is made in kilns. The simplest earth
kilns are simple indeed and require
little investment and no specialized
skills.

A much higher conversion efficiency
can be obtained by producing charcoal
in retorts. Retorts can also permit
ga3 and distillable by-products to be
captured. However, the capital cost
of retorts is relatively high, and they
recuire further substantial investment
ia generating, refining and storage
equipment in order to make use of
the by-products. As they are best
operated on a relatively large scale,
retorts are generally used for industrial
applications. Considerable attention
has recently been directed to the de-
velopment of such systems as portable
retorts, which combine the advantages
of kilns and retorts.

Wood fuel resources can also be
creuted, or recreated, by growing
suitable tree species for the purpose.
As the inputs are predominantly land
and labour, and time, fuelwood plan-
tat‘ons may enable poor rural popula-
tions to generate fuel supplies at an
acceptably low cash cost. Growing
fuelwood may therefore be the most
viale solution for populations too
poo: to afford the cash outlay required
for all other fuels — except organic
— or for those living in areas too
remote to allow economic access to
commercial fuels.

Tt.e success of some self-help schemes
to create fuelwood plantations (e.g..
in China, India and the Republic of
Korea) seems to be largely attributable
to success in involving the people con-
cerned. The problems of doing so are
not just those of getting people to
set atide land and to provide labour,
but also to get acceptance of the con-
cept that wood is no longer a ** free
good " to be gathered from the forest
at will,

Ancther factor noticeable in most
successful fuelwood plantation schemes
is the availability of adequate technical
suppurt, in terms both of planting

Measuring wood fuel use

The scarcity of quantitative information about the use of fuelwood and
charcoal in developing countries is mostly due to measuring problems:
because fuelwood is cut and gathered locally by members of the household
that will use it, the whole cycle of use goes largely unrecorded. Very little
of it appears in production records. Very little of it passes through
commercial channels, or moves through transport systems whic rnaintain
records. Therefore, the only way to measure this activity is at the place
where fuelwood is. consumed. In fact, all the information summarized in
Table 3 was obtained through consumption surveys of one sort or
another. Such surveys can be carried out only on a light sample basis
because consumption is dispersed very widely and thinly. The design of
accurate sample surveys can be difficult when, as is the case here, very
little is known about the pertinent characteristics of the population to be
sampled.

Other measurement problems arise from the physical characteristics of
fuelwood: it is difficult to measure the volume of stacks of smali, irregular
pieces of wood; and the relationship between volume and weight, which can
be assessed more readily, will vary, often very appreciably, with :pecies,
moisture content, etc. Moreover, use tends to vary with the season of
the year. An accurate assessment would therefore require continuous o1
repeated measurements throughout a twelve-month period. This is why the
estimates in Table 3, which were extrapolated from measurements taken
at one particular time, cannot be expected to be very accurate, as is
suggested, for example, by the two sharply differing Tanzanian estimates.

stock and expert advice and assistance.
In Korea, for example, where 11 000
villages are establishing new or addi-
tional village fuelwood plantations
during 1976/77, with labour provided
by the villagers, the Government,
through a well-staffed extension arm
of the forest service which was set
up for this purpose, provides the techni-
cal expertise needed to select suitable
areas for planting, to organize the pro-
duction and distribution of seedlings
and to provide technical advice on
establishment and tending. The costs
of this supervision, and of seedlings,
fertilizer and other materials are fully
subsidized by the Government,

The subsidizing of rural fuslwood
plantations that is entailed in such
provision of technical services is an
implicit or explicit recognition that
the benefits are likely to extend to
more than just the value of the fuel-
wood itself. Very little work has been
done so far on the socio-economic
costs and benefits of fuelwood planta-
tions, but such few tentative results
as are available suggest that the envi-
ronmental benefits, and the improve-

ments in agricultural productivity con-
<equent upon better envirunmental
protection, can be substantial, and can
contribute to strongly positive benefit:
cost relationships. One feziure that
these results do underline is the sensi-
tivity of the competitiveness of fuel-
wood plantations to the value of la-
bour. The choice between fuelwood
planting and other energy sclutions
could therefore change quite rapidly
over time.

The economics of wood fue! produc-
tion become a little clearer in the case
of plantations established to pcoduce
fuelwood as a cash crop. Geaerally
speaking, the commercial viability of
fuelwood production is highly sensi-
tive to distance from the market, site
productivity and the cost of fuelwood
from existing forests. A recent study
in northern Nigeria, for example,
showed that the break-even distance
for Neem fuelwood plantations couid
be three times greater on site quality I
than on site quality I1I, and that on
site quality IV the commercial produc-
tion of fuelwood would not be possible
in any location. It was also found
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that, other costs being equal, if fuel-
wood from existing forests could be
purchased at source for half the stump-
age cost of plantation fuelwood, the
former would break even with the
latter at double the distance, and if
it could be obtained free of charge at
three times the distance (Ferguson,
1973).

Fuelwood production requires care-
ful selection of appropriate species
and dcvelopment of afforestation tech-
nique: suited to local conditions. As
brancles, wwigs and virtually all parts
of trees except leaves store carbon,
and hence energy, the primary cri-
tetion for choice of species as a source
of energy is production of dry matter
per hectare per year. The best fuelwood
specie may be quite different from the
best timber or pole species. Further-
more, a quite different approach to
densit', spacing and rotation may be
peeded to maximize production of
dry matter. For farm woodlot use,
the :rees will have 10 be species that
are <asily established and managed.
In many situations a further important
criter.on is likely to be joint production
of other products with fuelwood (build-

ing poles, fodder, oils, fruits, etc.)
or the provision of other benefits in
addition to wood (shade, shelter, etc.).

Wood fuel has been rightly perceived
to be *‘ the other energy crisis”,
which ** will probably be longer and
more difficult to overcome "’ than the
energy crisis associated with the rise
in petroleum costs (Eckholm, 1975).
Roughly one third of the world's
population depends upon wood for
energy. For the very large part of the
developing world for which commer-
cial sources of energy are not a viable
alternative, the problem of maintain-
ing supplies of sufficient wood or
other non-commercial fuel to sustain
minimum essential needs assumes an
importance at least as great as the prob-
lem that the impact of petroleum
costs constitutes for that part of the
world which can and doces use com-
mercial energy.

Supplying more wood fuel can be
only one of the solutions toward
meeting the continuing energy needs
of those now dependent upon wood
for this purpose. Nevertheless, it is
clear that hundreds of millions of
people will continue to be so poor

that they will have no choice but to
derive their household enerzy from
wood and other organic fuels, The
potential for expanding the supply of
wood fuels is in fact substantizl. Wood
can be used much more efficiently,
existing fuelwood forests can be man-
aged more productively, the supply
base can be expanded by first convert-
ing wood into charcoal, more fuel-
wood can be grown or can be produced
in conjunction with other crops.
The technical knowledge required is
available. Though much must be
done to adapt it to particula: situa-
tions, the main information gap is
institutional and economic in nature,
Much more remains to be known
about how much wood fuel is used
in different situations. What exactly
happens when wood fuel begins to
run short? Which of the alternative
solutions to the consequent environ-
mental, economic and social problems
would be most effective and efficient
in a given situation? How can the
people who are affected by &ll this
be best encouraged to adopt this
solution, and what help will they
need to implement it? n

References

ArnoLo, J.E.M., pe Backer, M.F.E.

1952 and PRINGLE, S.L. Present wood
consumption and future require-
ments in Kenya. Report No.
TA 1503. Rome, FAO.

DE {acker, M.F.E., ArnoLD, J.EM.

1962 and PRINGLE, S.L. Present wood

consumption and future require-
ments in Tanzania, Report No.
TA 1536. Rome, FAO.

pE Backtr, M.F.E. and OpeEnsHAw, K.

1972 Present and future forest policy
goals. A timber trends study,
1970-2000. A report prepared for
the Government of Thailand,
Report No. TA 3156. Rome,
FAO. (And, Timber trends study,
Thailand: Detailed description of
surveys and results, FO:DP/THA/
69/017 Project Working Docu-
ment, Rome, FAO.

EarL, D.E. Forest energy and economic

1975 development. Oxford, Clarendon
Press.

EckHoLM, E.P. The other energy

1975 crisis:  Firewood, Worldwatch

Institute, Washington, D.C. and
The little-known crisis: firewood
scarcity in the human habltat,
Ceres, November-December 1975,
Rome, FAO, (This material

also appears in: Losing ground:
environmental stress and world
Jood Prospects, New York, W.W,
Norton, 1976.)

FAO/SIDA. Bilan de la production et de

1975 la consommation des combustibles
ligneux en Tunisie. Project
working document,.

FERGUSON, 1.S. The economics of plan-

1973 tation forestry in the savanna
region. FO:DP/NIR/64/516, Pro-
ject working document, Samaru,
Nigeria, FAO.

HenpersoN, P.D. The energy situatlon
1975 in India. World Bank report,
Oxford University Press.

GOVERNMENT OF INDIA, [Interim Report of

1972 the National Commission on Agri-
culture on Production Forestry -
Manmade Forests. New Delhi,
Ministry of Agriculture.

MakHUANI, A. and PooLe, A. Energy

1975 and agriculture in the third world.

Cambridge, U.S.A., Ballinger.
MaTHUR, R.S. Certain trends in the
1975 consumption of wood in India.

Indian Forester, January 1975. Y

OPENSHAW, K. Present consumption and
1971 Suture requirements of wood in
Tanzania, FO-SF/TAN 185, Tech-
nical Report 3. Rome, FAO.
(And, Timber trends study: de-

tailed description of survey and
results, 1971, FO-SF/TAN 15,
Project  working  document.
Rome, FAO.

OreNsHAw, K.  The Gambia: A wood

1973 consumption survey ard timber
trend study, 1973-2000. London,
Report to the Overseas Develop-
ment Administration.

PRINGLE, S.L.and ARNoLD, J.E.M. Pres-

1960 ent wood consumption ard future
requlrements in Uganda, Peport
No. TA 1287. Rome, FAO.

REVELLE, R. Energy use in rural India,
1976 Science, Vol. 192, 4 june 1976.

SAINI, T.S. Present wood consumption and

1964 Sfuture requirements in  Sudan.
Report No. TA 1820, Rome,
FAO.

Sincer, H.  Improvement of [fueiwood

1961 cooking stoves and economy in

Sfuelwood consumption.  Report
No. TA 1315, Romc. FAO.

VeLtkaMmp, J.J. Presemt wood consump-

1963 tion and future requiremerts in
Lebanon.  Unpublished draft.
Rome, FAO.

WiersuMm, K.F. The fuelwood situation
1976 in the upper Bengawan Solo
river basin. INS/72/006, Proj-
ect working paper. Rome, FAO,

4

)
>

(Z



SECTION V

‘Madeley, J., Deforestation heats up tempers and temperatures



MONDAY, AUGUST 1, 1983 - USA TODAY

JOURNAL/Sri Lanka

Deforestation heats up
tempers and temperatures

By John Madeley
London Observer Service

KANDY — “Kandy used to
be a cool place,” said a flushed
hoteller sweating In 95-degree
heat in this hillcountry town.
“Now look what's happened.”

No longer are tourists sure to
find a cool chunge here from
the sweltering, riot-torn capital
city of Colombo. Scientlsts’
forecasts about deforestation
causing temperatures to rise
have come ftrue.

In the past 10 years, vast ar-
eas of forest have been cleared
from nearby hillsides to meke
way for tobacco cultivation.

**When trees cover the
ground,” a soil conservatlon of-
ficer sald, “the soll is protected
and gives off comparatively lit-
tle heat.” Hack out the trees, he
went on, *and the soll is open to
the sun and gives off far more
heat during daytime.”

The hotter days may be part-
ly responsible for the short
tempers flaring in Sri Lanka's
latest wave of separatist vio-
lence. In Kandy, however, poli-
tlcs has given way to weather
as a favorite topic of conversa-
tion for Its 103,000 residents.

Maximum temperatures-

here during the first six months
of this year and in 1982 were
around 95 degrees. During the
same period in 1852 and 1953,
average maximum tempera-
ture was in the upper 80s.

“The fundamental reason
for the denuding of the hijll-
sides around Kandy Is tobacco
cultivation,” said Dennis Fer-
nando, secretary to Sri Lanka's
Mahawell Authority.

Ceylon Tobacco Co., a sub-
sldiary of British American To-
bacco Industrles, reportedly
encouraged each family In the
area to clear an acre of com-
mon land and piant tobacco.
An estimated 25,000 families in
the area now grow tobacco.

A spokesman for Brltish
American described the area
as "almost totally unproductive
before we started to cuitivate
tobacco there.”

Tobacco Is cured in slow
drylng bams for which more
wead is required, Femando
said. “Seven tons of wood are
used in those barns to dry each
acre of tobacco. The whole
thing Is a scandal.”

Added another official:
“When people in the West
think of tobacco, they think of
smoking and health. But we

think of the damage It Is doing
to our land.”

Cooler times, though, may
return. Nearby Victorla Dam
wlll boast a 9,000-acre reser-
volr next year — and resldents
hlope the water will cool the
air.



SECTION VI

Hudson; J




§

Q)]

K1)
d

My

{

it
7

.
i3

7t

4

I‘l:"

1"%

)

¥,

.,
5 1

3

’

¥

2 EL by AN

T3 et
A,’i:;:,{j:@,i}p‘, A

e

AR

s,
"

> . -
., . ..
Jia l':‘v ".—-‘ T

A Breenhouse That Cures Tobacco

These men have found better
uses for the sun than making
your fieldwork hot.

By JIM HUDSON

The shme scorching sun that bakes
your buain every summer in the to-
baccof.elds is now helping some inno-
vative :obacco growers cut their to-
bacce curing costs by up to 25%.
And these same growers are leaming
to use their solar-heated bams for
growing plants before and after they
cure their tobacco.

*['ve used my solar barn for two
full years, and I'm using it again
this year,” says Ray Harvell, Willow
Spring, N.C. Harvell grows 135 acres

72

of tobacco with his two sons Ray
and Bobby and cures it all in five
Powell bulk bams and one solar
barn.

Harvell’s main interest in the solar
barn is the savings it gives in curing
fuel costs. “The regular bulk bams
do a good curing job, and I like my
solar barmm just fine,” Harvell coa-
tiness. “Last year I figure we got
about a 25% fuel savings with the
solar bamn.”

Harvell's solar barn is exactly like
a regular bulk bam in size and shape.
A coacrete block wall foundation
built on a concrete slab forms the
base for the standard perforated bulk
bam foor used. And a standard Roa-
noxz bulk bam heating unit with
temperature, humidity, and air flow

controls provides heat at night and
on cloudy days. Even the framework
of Harvell's solar barn is similar to
that of a standard bulk barn. Upright
studs form the walls of the two-room
barn and support the rack rails.

But nothing else about the solar
barn is like any conventional bulk
barn you've ever seen. Instead of ply-
wood outer walls covered with mietal
sheets, Hacvell's solar barn has black
plastic sheets covering the inside
walls and ceiling studs, and trans-
parcnt, corrugated fiber glass shee!s
covering the entire exterior. Remav-
able plywood sheets separate the
rooms, leaving a narrow access room
between the two curing rooms.

The structure looks like a geeen-
house shaped like a bulk barn. Ac-

Progressive Farmer/October 1775
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Yoo can grow
"plarts inside this
salac-heated
tohacco barn
when you're not
curisg tobacca.
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cording to Dr. B. K. Huang, North
Carolinz State University agricultural
engines~ who designed the barm,
that's exactly what it is, “a fully
temperature~controlled, permanent
greenhouse.”

Sualight shines through the clear
fiber glass walls and is absorbed by

_ e blazk plastic. This heat stays in
the bara and helps cure the tobacco.
“When ~e are yellowing tobacco, qur
heating Jnit doesn’t fire up at all on
sunny cays,” Harvell explains. “It
fires up at night only. We keep the
fan runring all the time to keep air
circulating in the barn.”

Huang adds, “To achieve even
curing and drying, it's very important
to keep forced air continuously mov-
ing through the system. The black
plastic heat absorber also helps keep
the heated air confined to the area
around the tobacco. Since no heated
air escanes from the barn, efficiency
of the curing process is increased.”

¢~ WA tenipecature sensing device in
A—.ie air ducis

controls proper air fow
and furrace heating, when needed, to
ensure proper curing conditions.

Huang is not content to stop with
a solar bam that will save only 15%
to 25% in curing costs. He is now
working on another solar bam that
should be even more efficient.

His new bam is a commercial
Quonset-1ype greenhouse with a few

inside’ modifications. (See photo and ~

diagram.) The shell is made from
an aluminum framework painted flat
black, covered with transparent cor-
rugated Jjiber glass, which rests on a
cinder black foundation.

Inside the bar, blocks form the
foundation for two curing -ooms and
one cen’er access room. This leaves
considzrable space between the out-
side walls of the curing rooms and
the &ber glass barn wails.

Progressive Farmer/October 1975

Huang icstalled plastic pipes or
ducts like se=page lines.on the foor
of the barn under the access room
and the arzas nearest the outside
walls of the barn. Then gravel, to be
used as a heat absorber and storage
area, was poured over the air ducts.

“During the daytime, outside air
enters the bam from air inlets in the
sides. Air is preheated as it passes
over side ard top heat absorbers and
the heat-absorbing gravel. It then
enters an air duct in the top, and is
blown throvzh the fumace blowers
and under the curing room floors
where it passes through the tobacco
and back iato the top air ducts,”
Huang explains.

As the inside temperature builds
higher than is necessary to cure the
tobacco, some of the heat is stored
in the gravel. Thea at night, when
no heat is provided by the sun, the
air flow is reversed so stored heat
from the gravel can supplement the
heat supplied by the furnace.

Special frumes similar to the trail-
ers used to haul bulk racks slide into
the curing moms as frames for bulk
racks or boxss to hang on. Heat-
absorbing panels ef polyeurathane in-
sulation boards fit snugly against the
front, rear, 2nd all sides of the curing
frame to ho!d the heated air in the
tobacco. This material also forms a
top over the curing frame which di-
rects the heated air from the .tobacco
back into tke top air duct.

As efficient as this solar bam is,
it is not so expensive as a conven-
tional bulk bam. You can build it
yourself with little trouble, and the
greenhouse frame should last indefi-
nitely. But better than that, you can
use your solar-heated bam after the
tobacco curing season as a fully tem-
perature-controlled greenhouse.

“To use your solar barn as a green-

oS ace
AIR DUCTS

house, no matter which design you
choose,.simply remove the hea’ ab-
sorbers,” Huang says. “By using the
structure fo' purposes other than
crop curing ard drying, you can fur-
ther justify the initial investment.”

Huang suggests growing green-
house tomatoes, peppers, or cuctm-
bers as cash crops; growing fowers
for sale or your own enjoyment;
growing seedling trees for transplant-
ing; and especially growing your to-
bacco transplants. It's the opportuni-
ty to grow transplants that gets Huang
most excited.

“You can grow transplants in a
shorter time and get more uniform
plants in a greenhouse,” he points
out.

The number of plants which can
be grown in one bamn depends cn
arrangement of the plant growing
trays. Huang suggests placing on=
layer of plants on trays on each rail
level of the barn. This will allow
enough plants for several acres to be
grown in one bam. Huang says you
can count oa transplanting about
95% of all the seed planted in the
greenhouse.

By using a solar bam instead of
plantbeds to grow the plants, you can
sow transplants later than you nor-
mally could. Tobacco seed should he
planted in the greenhouse befare mid-
March instead of in January. This
climinates the need for preparing
plantbeds during the colder months
of the year. And the greenhouses
protect plants from adverse weather
or disease and insect damage. These
uniform plants bring us one step
closer to fully automatic tobacro
transplanting,

If you'd like to Icarn more abrout
these solar barns, get in touch with
Huang through the NCSU Agricul-
tural Engineering Department.
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_GREENHOUSE BULK CURING SOLAR BARY

B. K. Huang, Professor :
Department of Blological and Agricultural Engineering
“North Carolina State University, Raleigh, N .C. 127607

The greenhouse bulk curing solar barn consists of a bulk curing module inside a.
specially designed greenhouse, It uses two basic approaches to the capture and storageg
of'eoier energy, First, as a bulk curing structure incorporating dehydration and
~ electric power saving features, it was designed to directly collect, store and uae

nergy from the sun to cure tobacco. Second, as a greenhouse solar energy is u‘ed for
photosynthesis for maximum plant growth under controlled environment, This multi-‘~
purpose farm structure provides an efficient means of utilizing solar energy in cObacco
and greenhouse crop production, so that the investment can substantially be urilized '
all the year round for an effective farm operation. | /

The first greenﬁouse bulk curing solar barn was constructad and tested in the
sumer of 1973 with the cooperation of Ray Harvell, a farmer who grows some 100 acres
of tobucco in the Willow Springs area of southern Wake County, N.C. Material assistance
was provided by Harrington Manufacturing Company of Lewiston, N.C, Four-year fiald
use of this solar barn showed effective solar-energy utilization, high quality cured
tobacco, and fuel saving of about 25% as compared to conventional bulk-curing barns.

The second unit was constructed and tested at the Central Crups Research Station of
Norta Carolina State University in the summer of 1975 supportaed by a grant from the
National Science Foundation (NSF). Two years of.field tests indicated the solar barn

provided good curing and resulted in 30-40 percent fuel saving as compared to a con-

ventional bulk barn. The electricity required for the conventional main furnace fan
costs almost as much as does the fuel (Costs for fuel and electricity based on current
rates), The solar barn auxiliary fan could substitute for the main fan during latter
dryirg and gould only require about one-fourth the power of the main fan., The pro-

gram was later transferred from NSF to the Energy Research and Development Administration
(ERDA) ., The program activities are currently jointly supported by the Division of

Solar Energy of ERDA and U,S, Department of Agriculture. The third unit is located

at the Department of Biological and Agricultural Engineering, North Carolina State
University. Jactional Geographic magazine carried a full page picture (page 396) of

the second unit tobacco operation in its March 1976 issue (Vol, 149, No. 3) as part

of a feature on solar energy. At the end of the tobacco curing season the solar barn
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conventional plantbed and transplantiug voevdticus ror fully automatic transplanting.

AS‘efticienc’ne this solar barn’'is, 1¢ is not so‘éxpensive as a conventional bulk
barn. You can build it yourself with-little-ctrouble-based -on. the attached four drawings
showing foundation/floor plan; perspective view of solar barn wich mobile bulk handling
system; cross-sectional views of solar barn using as plant growinyg facility for tobacco
seedling production and for horticultural crop production; and cross-sectional views of
soidc barn using as tobacco curing facility either using regular'bulk racks or big boxes.
The outer walis are made of corrugaced clear fiberglasa that traps the sun's rays. The
heat is distributed by a’ system of fans aﬁd ducts. Surplus heat during the day'is piped
:hréugh gcavel energy storage system in. che foundacion. The gravel stores the enmergy
for use as the sun couls. A furnace switches on when additional heat is needed. The solar
@arn car he bullt ac an estimated cost of $11,000-512,000, compared ta $9 000 for a conven-
‘tional bulk curing barn. Howevar, tile unit can cure more than one anJ”half times the cap-
acity of cuaventional bulk barn. In ncher words a farm can buy a solar barn conatructed
with higher quality materials with many extra features, at lower price than he pays for a
conventional bulk barn, But betrar than that, a farmer can use his solar-heated bara
after the tobacco curing season as a tully temperature-controclled greenhouse. By using the
structure for purposes other than crop curing and drying, he can further juscify the imitial

invescnent,
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Solar curing barn cuts fuel
costs, aids. mechanization

By Nora Hammons
Assoclaty Editor

Asun-'heatcd bulk-curing barn that
cuts fuel costs 15-20% may
also prove to be a major advance
in the tobacco industry’s continu-
ing effort to mechanize what has
been called “America’s last great
unmechanized crop—tobacco.”
According to its developer, Dr.
B. K. Huang, North Carolina State
University's Agricultural Experi-
ment Station, the combination so-
lar-heated curing barn and green-
house and more automated equip-
ment, has the promise of:
~~Providing multiple use of
barns: for growing seedlings, bulk-
curing tobacco during barvesting

8—June 21, 1974

season; ~ growing  horticultural
plants during.the off-season.
—Eliminating laborious, ineffi-
cient plantbed operations.
-—Making automatic seeding
and field transplanting possible.
—Reducing the seedling growth
period to less than half that re-
quired by conventional methods.
—Controlling the timing of
transplanting to eliminate damage
due to adverse weather.
—Providing the possibility of
automated transplanting, harvest-
ing and curing.
—Making bulk curing more
feasible.

—Providing an efficient way to
use the sun’s energy for plant
growth and bulk curing. This natu-
rally leads to reduced fuel con-
sumption costs.

Two years field tested

Dr. Huang's claims for his solar-
heated greenhouse/curing barn are
not just speculation. He, and his
team of biological and agricultural
engineers, have tested the barn and
the mechanization possibilities it
provides for more than two years.

The barn, as designed by
Huang, is about the size of a con-
ventional bulk-curing barn but it

gt
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Dr. B. K. Huang and his solar barn. He, and his team of blological and agricultural engineers have tested the barn and the
mechanized possibilities it providas for mors than two years.

With ths black inner wall secure, the greenhouse-curing barn will provide a controlled environment for growing tobacco seed-
lings and drylng and curing the leaves after harvest.

(Continued on p. A1)
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has 1wo special walls. An outer
transparent wall, made of corru-
gated fiberglass, traps the sun's
rays. A black inner shading and
insulating wall absorbs the sun's
heat. The radiant snergy collected
between the walls provides the heat
nceded to cure tobacco.

At the seeding stage, the solar
barn is used as a greenhouse. Seed-
lings are planted in growing and
hand'ing trays set in multi-level
portable frames. (Fig. 1a) The
trays, made from a low-cost thin
plastic sheet or metal foil, are lined
with small pots for seedling
growth,

Automatic seeder, transplanter

The seeds are deposited by an
automatic seeder in pyramid-
shaped soil-filled cups. The bottom
end =f the cup is open which
makss it easy to “drop” the plant
during transplanting.

When the trays of seedlings are
ready for transplanting, a bottom
plate is inserted under the tray.
(Fig. 2a) The tray can then be
transferred to the indexing frame
of an automatic transplanter by
pulling out the bottom plate. (Fig.
2b) Thz index frame automatically
adjusts the tray openings to
preparcd and uniformly spaced
holes in the plantbeds.

As cach potted seedling is in-
dexed to an opening of the bearing
plate, it drops into the ground
through a drop tube. (Fig 2c) As
a result, the scedlings are trans-

{Q)  GRFENHQUSE OPERATION

WEEOLING CAOW: 43 & |,

planted directly at the rate of travel
of the transplanter and a systemati-
cally  predetermined intervals.
Manual handlings of the plants s

virtually eliminated. -

SILOLING  CAQwInG  AND
RANOUNG  TAAY

SMIOUING 080wing W TRAY
/

. INOLEING SRRMG
T Manms mart

SEEOLING CAOWING AND
HANDULG TRaY
\

—PaTIID MEOLING
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Fig. 2 Operation of seedling growing and
handliiig system: (a) Cross-sectional
view of seedlings, tray and bottom plate;
(b) Removing bottom plate as seedling
tray is placed on the transplanter; (c)
Automatic transplanting of seedlings into
prepared holes in the fleld.

Cuts fuel costs drastically

This efficient use of solar energy
for plant growth and bulk curing
cuts fuel consumption to a mini-
mum. Dr. Huang estimates that use
of his system could save $50 mil-
lion on fuel costs if every farmer in
North Carolina used this type of
curing barn,

CORRUGATLD CLEIAN
FiBCAGLALS

After mechanical harvesting ol
the field crop, the solar-heated
greenhouse system is set for the
bulk-curing operation. Bulk racks
loaded with tobacco leaves are laid
on the same portable frames that
held the seedling trays. (Fig. 1b)
The shading and insulating unit is
used to cover the loaded frames. It
provides proper insulation and
shields the tobacco from direct
sunlight. The barn’s perforated
floor is covered to insure proper
passage of conditioned air throvgh
the packed tobacco.

Answer to the energy crisis

On the energy crisis problem,
the solar greenhouse curing barn
has proved to be highly efficient in
trapping the sun's energy. Normal

curing and drying temperatures of

170°F are easily and economically
maintained. Supplemental heat can
be used at night or on cloudy days,

Year round use

The greenhouse-bulk curing sys-
tem, ccmbined with automated
transplanung, provides multiple
use of facilities, With the system,
it's possible to grow tobacco seed-
lings up to the transplanting stage,
transfer the plants to the field, and
bulk dry and cure the leaves after
harvesting. During the off-season,
the system can be used as a green-
house to grow horticultural plants,
Thus it insures maximum use of
capital investment the year round,

(b) BULK_CURING OPERATION
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Fig. * Cross-sectional views of greenhouse bulk curing and drying system iliustrating Iits uses (a) for plant growing and

(b) for ‘obacco curing.
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growving and handii.g trays

with substantially lower labor
costs. .
The system's use of solar ener-

Setting tray cartridges with tobacco
seedlings on automatic transplanter

gy, and the efficient integration of
controlled seedling production with
automated transplanting, harvest-

Fleld operati
transplanter

ing and curing, are a most impor-
tant development in the mechani-
zation of tobacco production.” []
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GREENHOUSE BULK CURINC SOLAR BARY:

e B.K. Huang, Profesuor ST
:: Department. of Biological and Agricultural Engineering’
- ‘North Carolina State University, Raleigh, N.C, 27607



- BIOLOGICAL AND AGRICULTURAL ENGINEERING
‘sfété:25@i}ﬁ§§§Ei§'3p§t6d¢h ﬁd Tobacco Mecﬁanizationf
PLANT PRODUCTION, AUTOMATIC TRANSPLANTING, AND GREENHOUSE SOLAR CURING SYSTEMS

B,K, Huang (Project Leader) and C.G. Bowers, Jr,
ABSTRACT

The continuing effo:te were made to accompliah the sye:ems engineering of che
total cul:utal operations from plaut-bed proparatioa, seeding, seedling handling,
automatic transplanting, to harvesting and curing, by integrating these operations
into a highly efficient syatem for practrical applica:ion.

The greenhouse bulk curing system utilizes solar energy as a first priority
energy source to cure tobacco in the summer months and to grow greenhouse crops
and tobacco seedlings the remainder of the year. Seedlings growing and handling
trays were used to grow the transplants in multiple layers for automatic.transplanting.
The production of uniform transplants was enhanced by controllea environment of
the system, Excellent germi:ation rates of 95-97 percent were achieved, using solar
eaerygy for tobacco curing agaiﬁ demonstrated a 30-40 percent fuel saving compared
to a conventional bulk curing barn.

Computer modeling and analysis for design optimization of solar barn for
maximum solar energy utilization and minimum fossil-fuel and electrical energy
consumption were under developmeut. The thermal-electrical systems analogies were
applied to study temperature responses of the solar collec:oté and toﬁacco cutiﬁgf

,under time-varying solar radiation and ambien: air temperatures.. SimulacionJrééﬂi:s

confnrmed well wich the field daCa for various scages of curing.



1. SUMMARY OF RESEARCH

A. Creenhouse Operation of Greenhouse Bulk Curlpg‘éolethern

luring greenhouse operation the solar absorbers andmporteble frames used in tobacco
curing are removed, and appropriate greenhouse equipment for growing plante is moved
into the structure. The temperature, humidity and watering are automatically re-
gulated to provide a controlled environment for optimum plant production, When wore
solar energy is available than is needed to heat the greemhouse during the daytime,'
it is stored in the gravel to reduce the heating requirement at night,

The structure was converted to the greenhouse mode of operation in October,
1975. A crop of Klanchoe flowers in 13 cm pots were grown in it from November 20,
1975 to March 18, 1976 (Figure 1), The automatic temperature and watering controls
combined with efficient utilization of available solar energy produced an excellence
crop of flowers. A second crop, patio tomatoes in 13 cm pots, was added February lB,
1976. The tomatoes were arranged in 9 blocks (two plants each) down the length of
the house and 4 blocks across tPe house. The Klanchoes: were removed March 3, 1976
and ‘mezsured for height, width, and fresh waight. The tomatoes were removed March
18, 1976 and the dry waights were measured, Neicher the Klanchoe nor the tomatoes
exhibited any significant block effects in any of :he measured vatiablee. ,Tbis
indicates that the system did not adversely affect 3rowth uniformity. AIt waefv
estimat:d that a flowering crop such as the Klanchoes. would provide between $700
to $800 income in a 4 month growing period.

Temperature gradients and running times were used to calculate the enetgy
supplied by the heater Qh' the energy stored in the rock bede Q ’ and the energy
vented to the outside Qv' These quancities are shown in‘Tablee l end 2 for two
6-day periods in January, Table 1 represents a particularly severe period and
Table 2 & more moderate one. The energy recovered from the rock beds was not

includec in these tables because neither the heat conducted into the greenhouse nor

: (
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Figure .

Figure 2.

.

Greenhouse bulk curins and drying system during greenhouse
ogperaticn for growing flowers,

Tobacco transplant production in greenhouse bulk curing
and drying system,

(e}



that lost to the outside environment were monitored during this initial study.

A limitation in analyzing the data in Tables 1 and 2 is the lack of information
about the total energy lost from the structure during a given period. A transieﬂt;‘___
analysis to determine this information would require, among other things knowledge ‘TT
of wind speed and cloud cover, variables which were not monitored during this stvdy.
An approximation of the total heat loss during a 24~hr period can be made, howevar,
by roting that the energy stored within a given period was always depleted within
that same 24-hr period and that the thermal capacitance ofvthe structure, excluding :
the vock beds and furnace robm, was small, This allows the total heat lost during 
a 24-ar period to be estimated by the sum of the energy stored in the rock beds and
the energy supplied by the heater. Thus, the energy stored during each of the twb.
periods congsidered becomes 7.7% and 15,9%Z, respectively, of the total estimated heat
loss of the structure,

Table 1. Energy stored and vented versus energy eupplied by the auxiliary heater for
the period January 1-6, 1976. : A L

i/ — ———
Date QH' Qe Qv Ambient Low Dagree Day 2[
(6J) (GJ) (GT) co .

January 1 0.42 0.13 0.037 6.8 ﬁﬁidkof;f
January 2 0.55 0.13 0.057 ~2,2 . 5 Y B
January 3 0.62 0.0 0.0 3.7 6.6
Janvary 4 0.85 0.10 0.0 -0.7 - 14,8
January 5 1.13 0.04 0.0 -13.1° 21.0
January 6 1.21 0.00 0.0 -12.4 - 19.8

Totels | 478 040  5.094 - 82,0

l!Based on 20.4 kJ/1 net heating value for L P gas

ZICalculated using a 15, 6 C base



Table 2 Energy ‘collected and vented vereue energy supplied by the auxilivfy heate
- for the period January 10-15 1976 IS S

¥

(6J)

Date

January 10 0.86
January 11 0.78 20,0 0
January 12 0.61 . " 0,13
January 13 0.49ffi
January 14 ‘0.28;.ﬁn_

January 15 0.63 - 0.19
Tntals 3.65
1/

Based on 20.4 kJ/1 net heating value for L.P. éﬁgr;

Z-/C:.lculated using a 15.6°C base

A feeling for ths potential capability of the system is indicated by adding
Qs‘and Q, and ccmparing this to the total estimated heat loss. For the period of
January 10-15, as much as 26X of the total estimaced heat loss could have been
»isnpplied if the rock beds had been 1 arge enough to collect all of the available p{;l
‘eolar energy. Undoubtedly the deta for February and March will show an even etronéer
1trend in this direction. -

Table 3 provides a slightly different look at the data" Here Q and QQ are
shown with Q , the total energy incident upon horizontal and vertical surfaces with
areac equal to the greenhouse floor and north wall respectively.v Q was ealeulated
using the method of Liu and Jordan (l963), from the total daily radiation on a hori-
zontal surface obtained by numerically integrating the solar insolation curve.

A total diffuse to direct ratio of 0,2 was assumed along with an albedo factor of

0.2. The daily efficiencies-Na and N were calculated from

N, = Qé/pr ().



v

Table 3. Daily collection and storage efficiencies versus

‘and. At for the period January 10-15,.197

ey i 0at” ioh,
ey 1100 e
January 12 or.‘13» 4 010
;Ianuaty 13 0.07 0 o
January 14 0.14 018

January 15 0.9 0.16

Relative form factor for solar nsolation curve



and Ny ™ @ *;qwiqé.f? @

The values of N gy SOTPaTe quite favorably with daily efficiencies given by
gCloee (1963) for good quality solar air heaters (252 to SOZ)

The variations in Ne+v in Table 3 can be explained by the following diacussion.
fFot a given structure or collector, the daily efficiency variea inversely with
gthe difference in air tompereture (inlide vs. outside), solar declination engle,
‘frequency of fluctuation of aolar insoletion, and wind speed. Tempereture differonee, .
frequency of fluctuation, and wind speed are stochastic variables, while declination
angle 15 a function of the time of year. Unfortunately, wind speed was not monitored
during this study. However, Table 3 does include a relative form factor ¢, which
describes the smoothness of the solar insolation curve for that day, and A t, wkich
is the temperature difference between inaide and outside taken at 2:00 om. The factor
¢ varies from 1 for a smooth curve to 10 for a rapidly fluctuating one, Examination
of Table 3 shows that the highest values of Na+v occurred at the loweat valueo of
¢ and At and that increasing ¢ or At generally decreased NB o lhe exception wao'
cn January 1l when a moderate ¢ and At produced a zero efficiency. This more‘thenj;
likely resulted from higher than normal wind conditions which ptobably caused theni.
heat loss to be greater than the 15.8°C would indicate. FPor two periods in Januatﬁ;‘
approximately BX and 162 of the total estimated heat loss of the structure was
collected and stored. If the storage beds had been large. enough to store the energy
exhausted through ventilation, the potential savings could have been as high as 26%
for 2 period when lows of - -4°C were experienced. Undoubtedly this percentage would
heve been larger in February and March, when solar insolation values are higher.
Nevertheless, a potential energy reduction of 26% in January indicates that a signi-
ficant fuel savings can be achieved without having to resort to the more expensive
eonventional solar collection systems,

7



With the removcl of thc floworl cnd tomatoes in Harch 1976 thc greenhousc
was set up for tobacco transplant production. Portable frameeyqerebplaced;in»the
greenhouse, Each frame had four layers consisting of perforeted'oheetvmetelicovcred‘
frames that slide in on the same spacing (approximately 25'inches) as the bulk
tobacco racks, An automated misting system was installed on each layer to provideb
a fine misting for approximately 30 seconds per 30 minutls during daylight houro. ;
Temperatures in the greenhouse were maintained betwcep-729r,mimimum and 85°F maximum
ducing the day and 65°F minimum at night,

The tobacco seedling, growing and handling trays wore seeded thé middle of
April 1976. The soil mixture used was Hecco number 1 aoil = a spraghum peat moge
mixture, The goil mixture was almost saturated prior to being placed in the trays.
Once the trays were seeded, they were placed on three iayera of the portable frames.

Seedling emergence began approximately 8 to 9 days after seeding, Germination
races of 95-972 were obtained on each layer (Fig. 2). Uniform growth occurred .
through the third week at which time the seedlings were damaged by over-fertilization,
Additionally, light level variation between layers and within each layer contributed
to the non-uniform growth. The light levels varied from approximately 1500-2000~
foot candles on the top layer to 500-100 foot candles in the middle and bottom layers.
This lighting difficulty can be easily solved by adding artificial lighting or by
roteting the layers,

Tobacco transplant production can be achieved using multiple layer growing
with appropriate lighting and watering system. Uniform transplanto.can.beiproduced
in 6 to 8 weeks. | h :

B. Curing and Drying Operation»of Greenhbuae'Bulk Curing Solar Barn

The greenhouse bulk curing system is basically a greenhouse which accommodates
a solar energy bulk curing module during tobacco curing. The system, as shown in

Figure 3, consists of a combination curing/growing room with facilities for curing



tobacco origrowiaé olaots, furnaee room with heating unit, auxiliary fan and appro-
priate airvtlow plenuma,-gravel energy storage system consisting of éravel and
corrugated slotted ducte, top air duct with shutters and side openings for air
flow eontrol side vents for air intake or exhaust .and portable frames to suppoit
plants or tobacco.k |

- For tobacco curing, heat absorbers are added to the sides and tops of the
portable frames'to,form’a bulk curing module within the greenhouse (Figure 3b),
Solarvenergy is absorbed and transferred to air moved over these black surfaces
by the auxiliary and/or furnace fan(s). This preheated air is used either foral
curing or storage, depending upon curing requirements. Outside air enters the ..
structure for preheating either from the front shutter or side vents (Figure 3a),
decending upon the available solar energy and curing energy requirements, Ther"
top ajr duct and bottom gravel air ducts cause the air flow to be uniform over;tﬁe
absorber surfaces, B

MOLorieed shutters were added to the front‘ rear, and rear bottom‘of the tof
fair duct for air flow control of the preheated air., The side vents were also
'~ﬁotorized - The preheated air for energy storage or for curing can then be eaaily
‘econtrolled for optimum energy utilization as required by the euring stage and |
v’available solar energy., Fresh air can: now be pulled in from either the top or
sides of the structure to optimize the solar energy eolleetion, storage, and
utilization, | :

Solar energy utilizatioa tests'were coaducted during July, Augast and
September, 1976, Five eomplete carea ﬁere ﬁade‘in the greenhouse solar curing
bare, and five were made in a conventional bulk curing barn used as a control.
Curing procedures were approximately the same in each barn with minor variations

as required by the individual cures.
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The general‘curing procedure wae aa followe.w -

"gi)*éﬁik” vms were filled in the field and placed in th;;barn.p;

(Z)JThe furnace was fired and a typical bulk curing achedule followed for
temperature'and air ventilation rate.r The temperature curing ochedule generally
vconeieted of two-three daye yellowing at 32-35° C, three days of leaf drying witn
the alr temperature being advanced from 32°C to 76°C at 1 to 1, 5°C per hour, and
one day of stem drying at 76°C. During leaf drying, the temperature was maintained
at certain levels as determined by tobacco conditions.i The air ventilation rate wa
usually 10Z or less for yellowing, gradually incrcaeed during initial leaf drying
until it was about soz for temperatures of 54 to 60°C then gradually reduced durin
later atages of leaf drying, and held at 102 or less intake during stem drying.

For the solar curing barm, &a.r preheated by either the absorber or the gravel
| wae used as intake to the furnace during both day and night operation as shown‘inr;
?Figures 4~7 and as discussed below.

(¢B) The daytime yellowing configuration used to store solar energy in the -~
A}giavel (Figure 4) was a closed loop circulation of the air over the heat absorbera,
tthrough the gravel to the auxiliary gravel fan and then through the top duct for ‘

recirculation., If the system temperature was resulting in a tobacco temperature
above 38°C, outside air was brought into the system through the front shutter,
preaeated by the solarbheat absorbers, pulled through the gravel by the auxiliary
fan and exhausted cut the back of the structure as ahown in Figure 5, The air
circulation within the curing room was through the furnace to the air plenum
beneath the tobacco, up through the bulk'tohacco‘racks,vand to the furnace\return
doors for recirculation. If some drying was to be done, the furnace_intake{uas‘i_
operied slightly. | | | |

(2) For leaf drying the air flow configurations for solar energy collection

and - utilization were as shown in Figures 6 and 7 For the first day,’ outside air

1

¢\



‘ Figure 4. Alr flow configuration for closed-loop energy%§;q;gg§\dﬁiiég»
' | yellowing stage. . - = - = RGN R Nt

Piéﬁi‘e 5. Air flow configuration for open-ended energy storage c:lm::l.v'ng‘ft
yellowing stage. '
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entered the system through the front ahutter as ehown in Figure 6 waa preheated
by che abeorber panela:fwaa pulled through the gravel by the auxiliary and furnace
fsn for movement into the furnace intake, was ‘ushed through the tobacco and was
either pulled into the furnaCe intake for recirculation or exhausted through the
front exhaust., The furnace intake damper setting determined the percent recirculatioo;
For the second and third days of daytime leaf drying, outside air was pulled in
. through the side uento, passed over the absorbers for preheating, and moved throughﬂlf
the top duct and into the furnace room for intake to the furnace. The air flow i
configuration shown in Pigure 6 was used for nighttime drying.

(3) For the stem drying stage, outside air was provided as shown ianigurer7
for daytime drying and as in Figure 6 for nighttime drying.

Instrumentation for monitoring the test conditions and variables consisted
of a data system with thermocouples to measure temperature, multipoint recorders
for monitoring these sensors, a strip chart recorder for monitoring radiation
levels measured by a pyranometer, and an LP gas meter to measure fuel consumption,
Copper constantan thermocouples were used to measure ambient air temperatures,
collector-air and-surface temperatures, gravel air temperatures, and curing air/
tobacco temperatures, For air temperatures, shielded thermocouples measured both
.dry and wet bulb temperatures, Surface temperature measurements were made by
attaching the thermocouples to the surface of the material. Thermocouples were
placed within the tobacco rack to measure tobacco bulk temperatures. The locations
of these thermocouples are shown in Figure 8,

Solar energy was used by the greenhouse solar curing barn to supplement the
energy requirement for bulk curing of tobacco., Air intake for the furnace was
preheated during the daytime by the solar heat absorbers and at night by the

gravel which had solar energy stored in it during the day. Sample data for one

13



Figure 6., Air fiow configuration for energy storage and supplemental
: heating of furnace air during initial leaf drying stage.

.Fdgure 7. Air flow confi
during final leaf and stem drying stage.

guration for preheating furnace air intake
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(3) Midway collector air temperature (East)

'(4) Top collector air temperature (East)

(5) Top collector air temperature (West) -
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Figure 8. Cross-sectional view of greenhouse bulk qagiﬁg~sys:ed showing
locations of thermocouples.
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complete cure, August 26 - September 2, 1976 is oresemted"and discussed in
this report as typical results to be expected for solar energy eollection, storage,
2ad utilizavion by the greenhouse solar curing system.

Incident solar radiation is collected by the upper and lower solar collector
cections (Figure 8) of the system, Absorber surface temperature of 82° to 97 C .
are reached on clear sunny days when the sun is approximately perpendieular to.
the absorber surfaces, Figure 9 shows the absorber temperatures for the wast side,
lcwer and upper collectors, The tembersture‘deereases on August 27 and 28 were
csused by changing the yellowing stege; air flow configuration for energy storage
from closed loop (Figure éjfto open-ended (Figure 5) circiilation. Energy coliection
aad storage for the solar barn on these days was causiog the tobacco temperature
to increase above 38°C, an upper temperature limit for "safe" yellowing. The air
flow configuration was changed to decrease this build-up. The design changes for
increasing the storage capacity and air flow rates should allow the greenhouse solar
curing system to store collected solar energy more efficiently. Then, the above
air flow configuration change will not be necessary. The dayt;me‘temperature B
dcerease on August 29 was caused by a thunderstorm.

Energy absorbed by the collector surfaces ig transferred'to~air moved over
them. In Figure 10, the difference between the outside air temperature and the
tor collector air temperature represente the degree of air he: ting produced by
the west 5ide, solar collector sections (Similar results were achieved on the
east side). The air temperature differential across the two collector sections
varied from a minimum of 18°C on August 29 to a maximum of 43°C on September 1,
excluding the low collector air temperature on August 29 caused by the thunderstorm.
The air ventilation rates for drying on these days were approximately 40 and 10
percent respectively which corresponded to center-line collector velocities of

0.11 and 0.02 meters per second respectively. Radiation levels on these days,
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snd also for the entire cure, were approximately the aama with peak day, total
hemispherical radintion being nbout 875 watts per square meter. The higher
collector air temperatures achieved at the beginning and end of the cure occdrredf
when air movement through the collector acctiop was less than 0.02 meters per |
second,

Thé difference between the outside air temperature and the required toﬁacc61 
curing temperature (Figure 10) is indicative of the total energy that must bg_
supplied for curing. The energy that was supplied from fossil-fuel energy is
represented by the temperature difference Between the collector air and curing airg
As shown by the curves of Figure 10, the energy requirement above that supplied
by solar collection occurred mainly at night.

The overall fuel savings achieved by the greenhouse solar curing system as
compared to a conventional bulk curing barn was 30 percent for five complete cures
during the summer, 1976, The average LP fuel consumed in gallons per pound of
cured (and ordered) tobacco was 0.075 for the solar barn and 0.107 for the con~-
ventional bulk barn, The curing time, fuel'consgmption, tobaccos used, and fuel
saving per cure are given in Table 1 below., The‘fuelvsavings for the individual
cures varied from a low of 7 percent for the second cure to a high of 40 percent
for the fifth cure, The low fuel saving for the second cure of the solar barn
was caused by two days of rain and three cool nights, temperatures of 15° to 18°C,
vhich occurred during the peak energy requirement for leaf and stem drying in
the solar barn. The conventional bulk barn's second cure had been started two
days before the solar barn's second cure, and leaf drying was almost completed
prior to this cool weather,.

The LP fuel conaumption rate of 0,075 gallons per pound of cured tobacco for

this years work . 18 only alightly better than last years rate of 0 077 Theqdesign
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changes of increased absorber erea, 1ncreeaed etorage area, and housed furnace

‘room contributed more to the overall sevinge than ie apparent from the 0. 075 fuel
consumption rate and the 30 percent fuel savinge. Bacause of damage to the vertical
absorber panels during the previous year's work, the material for these penelo

was changed from one-half inch aluminum foil faced polyurethane panel to one-half
inch plywood, The thermal resistance values of these materials are 0.5 and 0,20
(seconds square meters °C per joule) respectively. The increased collection/stcrage
and the housed furnace room design changes increased the system performance so as

tc just offset the increased heat loss from the vertical sides due to the lower

R-values, Aluminum sheet faced polyurethane panels will be used in future studies.

Table 4. Tobacco cures for greenhouse solar curing barn and conventional bulk barn

Conventional Bulk Curing Barn Greenhouse Solar Curing System
Curing Fuel used Primings/ Curing Fuel used Primings/ Fuel

Time (gal/lb varieties Time (gal/lb varieties Saving:
(days) tobacco) (days) tobaceo) (%)
8 0,148 First primings 7.3 0.120 First primings 19
for G-28, Coker for G-28
319 and plot
tobacco
7 0.111 Second prim- 7 0.103 Second prim- 7
ings for G-28 ings for G-28
and plot tobacco
6 0.094 Third primings 8.2 0.066 Third primings 30
for plot tobacco for G-28
7 0.092 Fourth primings 6,7 0.057 Fourth prim- 38
for Coker 319 ings for Coker
319 & G-28
7 0.094 Top of stalk 7 0.056 Top of stalk 40
fnr nlar tahannn for Coker 319’
G-28 and plot
tobacco
Average 0,107 - - 0.075 - 30



The greenhouse solar curing bafn utilized édlar energy to Achieve a siguificant
- anergy savings of 30 percent as compared to a conventional bulk curing barn,

ﬁesign improvements in collection, storage and air flow control contributed to

a more efficient overall performance of the system. By using a higher thermally
resistive material to forﬁ the absorber sides and topp;_energy savings'of,éoA}

to 50 percent should be achievable.. . .

C. Computer Simulation Analysis of Thermal Behavior of TobaccofCuring
"~ in Solar Barn ' '

In ofder to further optimize the design of solar barn, it is necessary to
‘1nveatigate its thermal behavior. Computer simulation analysis representing
~the éystem and boundary conditions by a thermal circuit would provide powerful
cééhniques for studying the thermal behévior of a complex heat transfer syStem.

The complete thermal circuit representing the whole solar barn is very
complicated., Idealized and simplified thermal circuits argidescribed for the
solar collectors consisting of a transparent fiberglass exterior and a bléck.
gurfaced insulation board heat absorber interior. Basically, the solar barn
consists of four solar collectors (S.C.), namely, east-side upper S.C,, east-
side lower S.C., west-side upper S.C., and west-side lower S.C. as shown in
Figure 11, The structure is oriented north and south longitudinally and
symmetrical with respect to east and west., This orientation receives the highest
annual solar radiation and also receives the highest monthly radiation for Juune,
July, and August - the tobacco curing seasongg

It is assumed that ﬁhe net long-wave ra&iatlon exchange between the outer
surface of the fiberglass wall and the surroundings is small and can be includeg
ip‘its convection heat transfer, Thermal-energy transfer through all structural
,eléﬁéncs 15 considered to be unidirectional and perpendicular to the long

dlﬁension. All lumped thermal properties are considered to be constant over
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the temperature range encountered, and the space temperature is considered
‘qnifotm‘at'ah§ instant, o B -
' The thermal circuits representiﬁé,ﬁhd‘gpper solar collector (Figure 12) and
‘iqwér‘sola:vcollector (Figure 13)'argishgén;iﬁuFigures,laAand«15,respectively.
The ratios and units of ana}ogg@ggéigctfigélfand thetﬁal pagﬁmetefs chosen

gfor'thia study are‘givehfiq Taﬁlc'S;

T&bié 5. Ratios ;hd unics of analogous electrical and thermal parameters

Units Scale Factors
Quantity Thermal Electrical Ratio Value
Time hrs sec 6a 2
et
Capacity Kcal Farads S 4 x 108
°c Ce
Resistance °c Ohms Re 8 x 106
Kcal/hr Ré
Potential °c Volts %— 1
Rate of Energy Kcal Coulombs -g 8 x 106
Transfer hr sec
or Amperes

The symbols used in Figures 14 and 15 and Table 5 are defingdfas folioﬁs:

Symbols Subscrigés -
R = conduction resistance £, = tilted fiberglass wall

Rco = outside convection resistanc f, = vertical fiberglass wall

heat absorber

chi = ingide convection resistance h =
Rri = inside 'surface' radiation d = top air duct
e resistance : . :
R. = inside 'space' radiation g = gravel enmergy storage
‘ fy(’ resiscance o '
23
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Symbols Subscripes

C = capacitor p = plywood wall
T, = inside eit’teﬁoéfeture' m = aluminum foil
I,= outside air temperature i= insulating;matetialiv
T = air temperature of curing a = air epece"
¢ chamber R
Qs = golar radiation input ‘e = elactrical circuit element
R , = ingulation resistance t = thermal circuit clement
¢ (5500 x 103 ohms) |
@ = time o = overhang
E = constant electrical ¢ = curing chamber
potential '

T = temperature
Q = heat flux
I = electric current

A sumnary of the conduction path resistors and capaoitors fo::the;qel;§;¢£‘
the solar collectors was evaluated and is given in Table 6.

The wind velocity on Aug, 17, 1976 was measured between 2.0 - 3,0 mlsec
during the day and night. Hence, the outside convection coefficient (h ) wae l
estimated as 6.71 Kcal/hr w2 °C based on the formula by Hodges, et al (1966)

It is expressed as
h, = 0,053 + 0.746 u_ Gy
~where hé 1s in cal/hr m? °C :
H, 1s the outside wind speed in m/hr |

The air velocity was small inside the solar collectors, the inside convective

iheat transfer'wa _of free convection in domination. Henee the inside h, was

“estimated based on free convection and is given in Table 7,

fééi
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Table 6, Values of solar collector wall conduction path resistors and capacitors

Conduction
Resistance Capacitor
(R x 103 ohms) (C x 10~6 farads)

Heat Absorber (h)

Aluminum Foil (m) 0,08 x 10m3 0.20
- Insulation Board (i) 246.4 1,00
i~§gPP°rc | Tilted Fiberglass Wall 8.2 2,55
| solar @) o o
’fCAiiéécor Vertical Fiberglass Wall _}6§.2ﬂ' 0.12
o (£2)
Adr Duct Wall (d) 0,028 347
Plywood Wall (p) 638.7 RS WY A
Heat Absorber (h) ‘ 38.4 25;50‘
Overhang (o)
o Aluminum Foil (m) 0.4 x 10-3 0.04
‘Lower Insulation Board (1) 1266.0 0.19
Solar Tilted Fiberglass Wall 9.6 2,18
(£1) ' :
Collector , ; Lo
‘Vertical Fiberglass Wall 83.8 10,25
(£2)
Plywood Wall (p) 318.4 12,95
Gravel-Energy Storage (g) 13z1.2 '601.9

Table 7, Inside convection coefficients of solar collectors Unit: Kcal/hr m? %

Upper Solar Lower Solar
Colleactor Collector

Heat absorber 3.66 2,71
Tilted fiberglass wall 2,31 2,00
Vertical fiberglass wall 1.99 1.99
Plywood wall 2,28 2,28
Alr duct wall 2,71 -
Overhang - 2,31
Gravel energy storage - S 2.91
Curing chamber ' 2,00 2,000
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A summary of convection resistance based on h_ values of Table 7 is given

in Table 8,

Table 8.

Convection resistances for solar collectors

Outside Convection

Inside Convection

Resistgnce Resistagce
<Rco x 10° ohms) ;Rci x 10 .ohms)
Heat Absorber (h) - 79.5
ﬁpoer;1‘ Tilted Fiberglass Wall 35.5 102.9
Solar ‘ ‘
S Vertical Fiberglass Wall 728.1° - 2451,3"
Collector (£2) I
Alr Duct Wall (d) - 3316
Plywood Wall (p) - 2139.4
Curing Chamber (c) ‘57 N o 145.5
Heat Absorber (h) - ' | '108;1«
Tilted Fiberglass Wall 41;5 S 138.9.
Lower (£1) i
Soler Vertical Fiberglass wall 352;?;' 1221.9
Collect
Plywood Wall (p) jom L066.5
Gravel Energy Storage (g) e 159.0
Overhang (o) Ve 647.3‘
Curing Chamber (c) s ; 146.4

An average of surface temperature of 318 K (45°C) was used 1n che evaluation

of rhe network radiation within the solar collector.

tance i3 Given in Table 9.

A summary of network resis-

The average alr flow rate inside of rhe solar collector was recorded as 33 98

ma/min, which is equivalent to 146 9 x 10"'6 farad
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‘Table 9, Inside radiation exchange neﬁwdrk“tééijggnééb,(kjﬁ;ip?;@hnﬁj‘

C®)g 20 Ry ”'r;[52;4?;,;géi;]fl 27, ejf
. ® i) o 07 Ry 33 ‘#Ez‘gﬁj:.‘];i209o-9 |
UPPer\“ g : 4 i >5 26 e 1256
_ B (n ) 7.5 R 96707,0 R 2307.7
- ‘ -*g'(nri)?e;f'4o.7 Repgg 16411 Rg,, 55261
“Lower (R,_,i)f2 21.3  Rgyy 7.3 Rg,,  1926.8
Collector (Ry)g 131 Ry, 444 R 609.1
(Rri)g; 4l Relp 1155.6 R 219
(3:19p 21.3 Ry 1305,2 o 1203613
R . 2566.4 R 549.9 R 8294.1
gp og op

Drying process with heated air is an adiabatic process, in which the energy
required for evaporating moisture from theragricultural product is being supplied
by the air resulting in reduction in air temperature. The temperature differ-
ential existing between the bottom and top of tobacco curing chamber is
Primarily due to the transition of sensible heat to latent heat of vaporizatioun
(Sykes and Johnson, 1969). The wet-bulb (adiabatic humidification) lines of B
the psychrometric chart can be used for calculating drying heat and mass bala#ge.

Tobacco was tightly packed in the curing chamber in three tiers (Figure ii) ;
The thermal circuit for simulating the tobacco leaves being dried was formed and |

13 shown in Figure 16, in which Rz represents the resistance of tobacco leav»s

1
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Figure 16, Circuit similating three. tiers tobacco’ leaves: being dried.



and c represents the capaeitance of tobacco leaves. Eech tier was simutated

. i

with one set of a rooiltor-capacitor network. Both R and C are time-varying

parameters.

The value oi;qifra§(ooﬂevaloated based dn;the;foiioﬁioé,eoﬁation:

¢ G -C w (Keal/°C) @
;ihaiail i{i6 " heat ‘capacity of tobacco leaves
) | (Kcal/Kg C) ,

W= total weight of tobacco’ leaves(Kg)
iaad;fﬁiﬁﬁﬁflﬁﬁfEanoateokfrom the following equation:
R(T d- TB)

TB

B} r'd" Y RS
“where' »TJ”- drying air potential or ontering;airj
B temperature ; o

'1‘ = axiting air tempaerature

AT = the temperature difference betweon
T, and '1‘
d
R = 500.0 x 1023 ohms (suitable load resistance
equilibrating environmental temperature)
Sykea and Johnaon (1969) pointed out that the drying rate is proportional to
‘the temperature differential across the mass of tobacco during drying and can be

expreased as:

or dw - .y
: dt K &T (8)

< where: :t drying rate (Kg(water)/hr)
Ce = humid heat (Kcal/l\g(air) C)
a8 = latent heat of vaporization (Kcal/Kg(water))

Q = air flow rate (m3/hr) .
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‘v = humid volume (m3/Kg(dry air))
iik{*ngES? = the proportionality factor (Kg(water)/hr °C>f
Ai‘ = the temperature differential (°C) -

TThep"eleo.pointed}out that the proportionality factor Kywaa"fonnd»theore;f
tically to he‘prectically conetent for all stages of curing endfrolhnveie- |
‘unique nalue’for e given curing syetem.r Uiingrzqr 8 along with eeennptiono}
discussed below and which-are typical of practical curing situations;'the
variation of temperature differential acroas the tobacco can be predicted. .

The primary factor that influences the temperature differential is the total
amount of water in tobacco. Based on data from the experiment, the amonnt of{
water can be calculated from the iditial green weight and initial moisture |
content, 'If one assumes that 20% of the initial water is lost during yellowingv
stage, then 80% must be evaporated during leaf and stem drying stage. If the
curing cycle is broken down into several equal interveis and the amount of water.
to be removed during each‘intervai is specified, the drying rate may be determine
for each interval Since K can be calculated from known values of Q, Cs, Lae,
and v, Eq, 8 can be solved for AT for eaeh interval. Then from Eq. 6 the
sorresponding RL is obtained.

Typical experimental data (Figure 17), which was recorded during drying
stage, was selected for evalueting the circuit eimulation.vahe entire curing
cycle lasted 6.5 days with yellowing laeting 2, 5 days and leaf and stem drying
combined lasting 4 days. The tobacco green weight was 9179.8 Kg with an 84%
m.c,(w.b.,). It was assumed that 20% of water was lost during the 2.5 daye
of the yellowing phase (Suchinda, 1960 and Sykes and Johnson, 1969) Since
the data started with the first dey of drying phase, it vas assumed that 182

of water vas removed during the first 24-hr period of the drying etage.

This 24=hr period was broken down into three equel intervals;¥,,n,fshhoure;}
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and chc percentage of waccr to be removed vas specified The corrcsponding

AT W CP were then calculated accordingly and are 1isted. 1n Tabllflo.

Tablc lO. AT, W, Cp values for sach drying interval

Drying Percént o Tobacco Moisture ' ,4;j6;”;;;
Interval Water AT(C) Weight Content  C  (Kcal/Kg:(C).
Removed W(Kg) (w.b) x P
1 4 3.9 7329,1 0.79

2 & 5.8 68665 077

4780.8 0.76

: CP was estima:edkbased on’ 0 31 Kcal/Kg C for tobacco of 1z m c ﬁjiiiftff:?ﬁ

l Kcal/Kg C for waccr (Brock B A. and M. Samfield, 1958)

The K value uscd 1n thia atudy was cvaluatcd as 9 8 Kg/hr. C R According to Table

6 and Td obtained from Fig. 8 the corresponding Rz and Cz werexcalculaced

based on Eq. 3 and 1 respectively and are given in Table ll.

Table 11, R, and C, values for each drying interval

2 L
Drying 3 - R
Interval Td R, x 10° ohms C, x 10™ farads
1 3 555 1863,8
2 | 72.1 1475,
3

97,0 11326.6

The cobacco curing cicerimen:s ln :he greenhouse bulk curing barn werc ;7f
conduc:ed during the period of July 16 to August 27 11976,

The PCAP (Princeton Circuit Analysis Program) computer programs for solar
collecLors were developed based on the. thermal circuits (Figures 14 and 15),

lnpuc ambient air potential (Figure 18), and solar radiation input evalua:ed
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from Figure 19. The simulation result was obtained and is shown in Figure 18.

The curves show that the predicted air temperature is in good agreement with

the measured temperature. Some phase delay is shown between measured and pre~

dicted values since a large capacitor was used to simulate the moving air,

The peak value of the predicted temperature curve lags that of the measured

one by approximately 1 hour, The adjustment for the out of phase in predicted

temperature can be easily made if one becomes more familiar with the eircuit,

simulation method,

The PCAP computer program for analyzing the drying air temperature response

during tobacco curing was formed based on Figure 16 and Table 11. Switches

were used to vary Rl and C, values during transient analysis in the PCAP

2
program, It was found that if the Rl values of Table 11 were doubled, then
the predicted drying temperature agreed well with the experimental data as -

shown in Figure 20, The larger R, values were needed because Eq. 6 doee not

take Cl into consideration in detarmining RL' Also, better simulation .eaulta;

can be obtained if the numbar of drying intervals is inereaaed
This is the first phase of applying the circuit simulation teehnique

to investiga:e the drying air temperature in CObaeeo euring.. Additional

atudies should be conducted to (1) modify the equation for obtaining Rz

which will include the influenee of C and (2) reduce the number of relatedw

aesumptiona for evaluating R and C
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'GRADUATE STUDENTS IN TOBACCO RELATED PROJECT:

"H;S. Chang and A.H, Nassar

'POST-DOCTORAL rzLLows-IN ronAcco_nzLaxzD‘pnOtht{ﬂ‘

Nome

| pﬁnizcam:ons:.

Huang, B.K. and C.G. Bowers, Jt.- Immediate Solar-Energy Utilization

Using Greenhouse Bulk{Cdting}hhﬁ{pt&iﬁgfsyéfém;ﬁQPIB?4;1752?§fT‘
7lp. 1976, o -

. MANUSCRIPTS IN REVIEW:

Behroozi-Lar, M., B.K. Huang, ana u.D, Bowen, - Circuit Simulation of Soi:
Temperature Profile. SRR T e @

Huang, B.K, Systems Engineering of Preciéion:AhE§m§§i§,?faﬁ§§1§ﬁ;ﬁ#§L

Su, C.S., B.K, Huang, R, Takeuchi, and Y.R.'Chgﬁ; fﬂoiéé?#ftéﬁﬁaﬁiéﬁf’
Characteristics of Plants, B T

PAPERS PRESENTED AT PROFESSIONAL MEETINGS:

Huang, B.K. and H.S. Chang. Circuit Simulation Analysis of Heat Transfer
Effect in Solar Drying. 1976 ASAE Annual Meeting. Lincoln, Nebrask
June 27~July 1, 1976.

Huang, B.K., K.H. Kim, and Y.R. Chen. Simulation Analysis of Dynamic
Responge of Vehicle Impacting Shrub Barrier. 1976 ASAE Annual
Meeting. Lincoln, Nebraska., June 27-July 1, 1976,

Chen, Y.R. and B.K. Huang. Dynamic Simulation of Wheel-Tractor Using
Powered Scale Model. 1976 ASAE Winter Meeting. Chicago, Illinois, -
Dec. 14-17, 1976,

Bowers, C,G., Jr,, B.K. Huang, and D.H. Willits, Optimization of Solar
Energy Collection, Storage and Air Flow Control in Greenhouse/
Solar Curing Barn. 1976 ASAE Winter Meeting. Chicago, Illinois.
Dec. 14-17, 1976,

Chang, H.S., and B,K. Huang. Simulation of Thermal Behavior of Tobacco
Curing in Solar Barn., 1976 ASAE Winter Meeting, Chicago, Illinois..
Dec, 14-17, 1976,

Willits, D.H., C.G. Bowers, Jr., P.V, Nelson, and B.K, lluang. A Solar

Energy Storage System for Greenhouse. 1976 ASAE Winter Meeting.
Chicago, Illinois. Dec. 14~17. 1976.
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VI. PAPERS PRESENTED AT PROFESSIONAL MEETINGS CONT'D:

: Hdﬁng; B.K. and C.G. Bowers, Jr, Energy Savings with Greenhouse Bulk.
' Curing Solar Barn. 27th Tobacco Workers Conference., Atlanta,
Georgia. Jan, 10-13, 1977,

Bowers; C.G., Jr, and B,K, Huang. Transplant Production in Greenhouse

Bulk Curing Solar Barn. 27th Tobacco Workers Conferemce. Atlanta,
Georgia, Jan, 10-13, 1977,
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