ABSTRACT

Mechanical Harvesting of Flue-Cured Tobacco Part 10:
Optimization of Curing Capacity and Bulk Barn Parameters

C.W. Suggs
N.C. State University
Raleigh, N.C.

Curing container height and air flow rate through the tobacco can
be controlled by the selection of equipment and certain operational choices.
These choices affect barn investment and operational costs, curing time and
barn throughput. A curing system with boxes 1.52 m (5') was found to be
cheaper in terms of investment and operating costs per kilogram of tobacco
cured than systems using 1.22 m (4') or 1.83 m (6') boxes. An intermediate
air flow of .0312 ms/min—Kg (.5 cfm/1b) of green tobacco was optimum as higher
air flows used excessive amounts of electric power to drive the fan and
lower air flows reduced barn throughput. One of the important findings
was that barn ownership costs were $30 to $36 per day of the curing season
and represent one of the largest costs of tobacco production.

An analysis was run to determine the most economical trade-off between
barn costs and loss in crop value with delayed harvest and curing. The
effect of harvest delay on crop value was evaluated over a period of
several years. The results of both an intuitive and a formal analysis
indicated that harvest delays of 1 to 2 weeks,instead of a normal 5
week curing season, maximized crop income by reducing curing barn

requirements more than they reduced crop value.
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Mechanical Harvesting of Flue-Cured Tobacco:

1/

Part 10. Optimization of Curing Capacity and Bulk Barn Parameters=

C.W. Suggs

Bulk curing of flue-cured tobacco was introduced in 1960 and
has shown a steady, but not uniform, growth in farmer adoption since
its introduction. At the present time (1978) approximately 58% of
the North Carolina flue-cured crop is bulk cured (Watkins, 1978).

Other states appear to be using bulk curing on similar percentages
of their crops so the U.S. average is probably close to the North
Carolina value.

There has been considerable interaction between bulk curing and
mechanical harvesting as bulk curing is a necessary companion to suc-
cessful mechanical harvesting. About two thirds of the bulk cured
leaf is also mechanically harvested. Because of the labor required
to fill bulk curing racks the author and his assofiates developed a
system (Suggs, 1977) which allows machine filling of containers in which
the leaf can be cured. Those containers hold approximately 300 Kg to 900 Kg
(about 700 1lb to 2000 1b) depending on the size of the different manufacturers'
models.

Because of limited experience with bulk container curing, growers and
manufacturers may not have the information needed to optimize curing system

parameters and capacity and properly interface the curing containers

l/Paper No. of the Journal Series of the North Carolina Agri-
cultural Research Service, Raleigh, N.C. The use of trade names in
this publication does not imply endorsement by the North Carolina
Agricultural Research Service of the products named, nor criticism
of similar ones not mentioned.




with a harvesting system. The purpose of this paper is to present
data and analyses from which parameter optimization decisions can
be made and to present and demonstrate a procedure for determining

optimum curing capacity or number of barns for a given sized crop.

Curing Container Height

The curing capacity of a bulk barn depends,among other things,
on the height of the container. In the following analysis it is
assumed that no barn structural changes are required to accommodate
higher containers. The analysis considers the larger fan and motor
required, the extra heat and electricity requirements and the cost
to make containers taller. Container sizes analyzed were .91 m x
1.37mx 1.22 m, 1.52 m and 1.83 m high (3' x 4%' x 4, 5 or 6').
Loading density was 208 Kg/m3 (13 lb/fta) and air flow was constant
with respect to initial weight at .03l ma/min—-Kg (.5 cfm/1b) .
Air leakage around the container and seepage out of the barn was
taken at 40% for the lowest container height (pressure) (Cundiff and
Sumner, 1977) and calculated for the other two heights on the
basis that there was no change in the leakage area. Reference air
pressures were taken from experience and dependent air pressures
were calculated. An increase in pressure was needed to force the
air through the taller boxes. Additional pressure was also required
to provide the higher flow rates needed by the extra tobacco in the
taller boxes.

Barn costs, including 1.22 m (4 ft) containers, wére calculated on the
basis of $8000 initial cost, 10% interest, 20 year life for a cost

recovery factor




of .1175, 20% salvage value and 3.6% of initial costs for repairs,

taxes and insurance. Curing fuel costs used in the analyses were

$104 per metric toni/ ($94/ton) for the mid sized container. For the
other two sizes of containers fuel costs were prorated on the basis of
barn air flow. Cured weight was determined from the author's data as
16.8% of the input green weight of 208 Kg/m3 (13 lb/fts). Costs for boxes
not commercially available were determined by allocating the $125 cost

of a 1.22 m (4') box into $30 for the bottom section, $20 for the top and
$0.615/cm ($18.75 per foot) of height. Thus the 1.52 m (5') box cost
$18.75 more than the 1.22 m (4') box. Larger boxes increase the total
barn cost above the $8000 value given above. The barn holds 20 boxes

and five cures can be completed in a normal season. A fan efficiency of

55% and a motor efficiency of 75% were used in calculating fan power
ma/min x pressure (mm of HZO)

2514
An electrical power cost of 5¢/Kwh was used in the analyses and cure

requirements (Glover 1977): Kw =

length was 6 days (144 hrs). Fan and motor initial costs were estimated

from manufacturers' catalogs.

Results

Unit costs, Table 1, reflecting barn costs, electrical cost and
fuel costs, were lowest for the 1.52 m box, $.3269/Kg ($.1483/1b). For
the shorter box ($.3454/Kg, $.1566/1b) the decrease in capital and operating
costs did not compensate for the decrease in capacity. For the taller
box ($.3272/Kg, $.1484) the increase in curing capacity did not quite
compensate for the increase in electrical requirements of the larger fan.
It will be seen later in the paper that taller boxes and high air flows

increase curing costs more than they increase barn throughput.

L/Watkins, R.W. Private communication.




Table 1. Effect of Curing Box Height on Capacity, Air Flow and Pressure
Requirements, Barn Costs, Fan Powgr, and Total Cost Per Kilogram
of Tobacco Cured. Flow = .0312 m™ /min Kg (.5 cfm/lb). Duct
Loss from Glover, 1977.

Air Pressure
) Weight Flow Flow for For Extra

Box @ Per 20 Box Barn For Flow, Prop.

Height . Capacity 208 Kg/m Box  With Losses Height Box Capacity

m ft m3 Kg m3/min m3/min mm of H20 mm of HZO

1.22 4 1.52 316 9.9 331 1 10.2 0

% 40% loss

1.52 5 1.90 395 12.4 435 12.7 7.1
42.7% loss

1.83 6 2.28 474 14.9 542 15.2 19.0
45% loss

Table 1. Cont'd:

Fan Total
Air Pressure and Initial

Box Duct Total for Fan Box Motor Barn

Height Loss Barn Input Power Costs Costs Costs

m mm of HZO mm -of H20 Kw $ $ $

1.22 27 22.9 3.01 2500 250 8000

1.52 I5.2 35.1 6.05 2875 290 8415

1.83 17.8 52.1 11.23 3250 444 8944

Table 1. Cont'd:

Annual Annual
Annual Electrical Fuel Total Annual 1

Box Barn Cost 5-144 hr Costs Annual Cured Unit

Height Costs Cures 5 Cures  Expense Weight Cost

m $ $ $ $ Keg $/kg  $/1b

1.22 1200 108 525 1833 5307 .3454  -1566

1.52 1262 218 690 2170 6638 .3269  -1483

1.83 1342 404 859 7961 3272  -l4ed




Because air pressure decreases as the tobacco wilts and dries
during the cure there may be some small error in calculating elec-
trical costs on the basis of the initial air flow and pressure.
However, this decrease in pressure (and increase in flow) would affect
all container heights similarly so that the final comparative results
would change very little. There is some increase in leakage with
the higher boxes because flow resistance of the box incregses with
height and forces more air ‘through the leakage openings.

Curing time was assumed equal for all box heights on the basis
of the facf that box air flow was constant with respect to green
weight. This means that for the taller containers the air velocity
is greater. Higher air velocities often tend to dry the tobacco
before yellowing is complete where the air first contacts the tobacco. This
problem is more prevalent with dry weather crops or in barns which are
not properly sealed. Slow drying and poor quality cures in the mid *#

to upper part of taller boxes have also been experienced.

Air Flow
Insufficient air flow is one of the most critical problems in
container bulk curing. While adequate air flow is essential to
good cured leaf quality, excess air flow wastes fan power, increases
exfiltration and is likely to prematurely dry the leaf.
In Table 2 the effects of air flow from .0186 to .0434 m3/min—Kg
of green leaf (.3 to .7 cfm/1b) through 1.52 m (5') high containers

loaded to a density of 208 Kg/ma, (18 lb/fts) holding 395 Kg (871 1b) of green




tobacco, is analyzed. An average cured weight yield, from the author's
data, of 16.8% gives 1327 Kg as the cured capacity of a 20 box barn
or 6638 Kg per S5-cure season. The 1.52 m box of Table 1 is taken

as a reference for Table 2 and appears as the middle line of that
table.

The author's experience indicates that yellowing can be accomplished
with low air flow but that drying is delayed if flow is not adequate.
Yellowing time averages about 60 hours and drying time for the inter-
mediate or reference air flow was 84 hrs for a total curing time of
144 hours (6 days). For higher or lower air flows the drying time
was proportionally shorter or longer, respectively so that drying
air volume for the total cure was constant for all flow rates.

Barn costs were almost constant, reflecting only the costs of larger

fans and motors for the higher air flows. Annual barn costs were

calculated as in the previous example based on container height.

Barn costs per cure were prorated on the basis of a normal curing

season of 5 cures times 7 days per cure (6 days curihg plus 1 day

reloading or 840 hours). Thus a barn load which cures out in 144 hours is
144 + 24

charged with ———526—— x barn annual costs.

Unit costs were lowest, $.3269/Kg ($.1483/1b), for the middle flow rate,

Table 2. Costs did not increase as rapidly with higher flow rates,
$.3373/Kg ($.1530/1b), as they did for lower flow rates, $.3690//Kg
|
($.1673/1b), giving another indication that barn ownership costs are ;
|

the largest single item in curing costs.
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The simultaneous effects of box height and air flow are shown
graphically in Figure 1 as a surface whose height above the base
plane represents curing costs. The box height data from Table 1
defines the middle front to rear line on the main surface, while
the air flow data from Table 2 defines the middle side to side
line. Other values to complete the surface were determined in
a similar manner to those in the tables. Figure la was based on
electricity costs of 5¢/Kwh while Figure 1b shows the effect of
increasing electricity costs to 10¢ /Kwh .

While there is little difference in the cost of curing in the
1.52 m (5 ft) box versus the 1.83 m (6 ft) box when electricity
costs are 5¢/Kwh, the taller box becomes more costly when electricity
prices rise to 10¢/Kwh. Some additional caution should be exercised
with respect to the tallest box because of the higher static air
pressures required and the longer column of tobacco to be dried.

The most efficient air flow was .0312 m3/min—Kg (.5 cfm/min) .
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In Table 2 the fuel cost was considered to be constant at $104
per metric ton because the same amount of water had to be removed
regardless of flow rate. Electricity costs were based on the
curing times shown. However, because of heat loss through the
structure and exfiltration of heated air, fuel consumption tends
to increase with curing time. Cundiff and Sumner (1977) reported
that 39% of the heat energy escaped from the barn during normal
length cures.

The author's data from 1977 and 1978 relating flow to curing
time and fuel consumption are used in Table 3 to provide a
better basis for calculating unit costs. Although, other condi-
tions are the same as in Table 2, barn and electricity costs are
different because curing time has changed. This table shows a
significant increase in fuel costs with decreased air flow.

With this refinement in the analysis the lowest per unit cost

moves to the next highest flow rate.

Crop Size - Barn Space Optimization

Intuitive Analysis

Historically, priming intervals have been one week each.
Also,the curing cycle has been one week so that successive
primings from a field can be placed as successive cures in a
single barn. When priming intervals are not equal to curing cycle
time and, in fact, priming intervals may vary significantly
during the season,the analysis of curing barn requirements is

complicated.
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Table 2. Effect of Flow Rate on Pressure, Fan Power, Curing Time, Fuel,
Electricity, Barn and Unit Costs, 1.52 m (5') Curing Box.
Unit Box Box Duct ) Total Bypass 20 Box
Flow Flow Pressure Loss Fan Pressure and Seepage Barn Flow
cfm/1b ma/min—Kg ms/min mm of HZO mm of H20 mm of HZO % ma/min
-3 .0186 7.4 7 o1 10.2 17 3 43 261
-4 .0248 9.9 12.7 12.7 25 4 43 349
.5 .0312 124 19.8 15.2 35.0 43 435
X6 .0372 14.9 28.4 17.8 46.2 43 523
T .0434 17.4 38.9 20.3 59.2 43 611

Table 2. Cont'd:

Fan Total Initial Annual
Unit Input Drying Curing Barn Barn
Flow Power Time Time Costs Costs (a)
m3/min-Kg KW Hr Hr $ $
.0186 1.8 140 200 8350 1252
.0248 3.5 105 165 8375 1256
.0312 6.1 84 144 8415 1262
.0372 9.6 70 130 8560 1284
.0434 14.4 60 120 8700 1305
Table 2. Cont!d:

Barn Fuel Costs

Unit Costs Elect. Cost @ $104 Per Total Unit
Flow Per Cure (a) @ 5¢/Kwh (a) Metric Ton (b) Cost Cost
ma/min-Kg $/Cure $/Cure $/Cure $/Cure $/Kg $/1b
.0186 334 18 138 490 .3690 .1673
.0248 283 29 138 450 .3389 .1537
.0312 252 44 138 434 .3269 .1483
.0372 235 62 138 435 .3276 .1486
.0434 224 86 138 448 .3373 .1530

(a) Assumes that 5 standard cures (6 days curing + 1 day reloading) can be made

during the year and that barn is not otherwise used.

curing time to get hours per curing cycle.

(b) Cured weight of 1328 Kg/cure taken from Table 1.

Add 24 hours to total
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Table 3. Effect of Flow Rate on Curing Time, Fuel, Electricity, Barn
and Total Costs. Fuel Consumption and Curing Time from

Field Experience.

Unit Curing Fuel Electricity Barn Unit
Flow Time Costs Cost Costs Total Costs
cfm/1b m3/min—Kg Hr $/Cure $/Cure $/Cure $/Cure $/Kg $/1b

-3 .0186 2 167 19 350 536 .4036 .1830
4 .0248 196 152 34 329 515 .3878 <1759
-5 .0312 176 138 54 300 492 +3705 .1680
-6 .0372 162 128 78 284 490 .3690 .1673
-7 .0434 154 118 il i 277 506 .3810 .1729
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If uniform harvesting is assumed then curing barn capacity
times the number of curing cycles per season must be at least
as large as the crop weight allocated to each barn. One common
mistake in evaluating curing capacity is to over-estimate the
number of curing cycles possible per curing season. When this
happens part of the crop will have to remain in the field past
its optimum ripeness or part will have to be harvested before
optimum ripeness to prevent the harvest from ''getting behind".

In order to determine how much of the crop would have to
be harvested one or two weeks late for a given crop size it is
convenient to break the crop up into equal elements such that
barn capacity and crop size can be expressed as whole numbers.
Table 4 shows a crop size of 130% of barn capacity which has been
divided into 13 elements such that 10 elements will fill a barn
for each of the 5 weekly primings. Element primings scheduled
to the right of the first and second diagnoal lines have been
delayed one and two curing cycles (weeks), respectively.
In the third cure, for example, the first 4 elements are from
the third priming. The last 6 elements have been delayed one week
and are, therefore, from the second priming as indicated by the
number 2. Percentage of material harvested one curing cycle late
is determined by the number of such elements as compared to the
total crop. Table 5 gives the amount of harvest delay for various

crop size/barn capacity ratios.
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Table 4. Schedule of Crop Harvest (Priming Number) With Respect to
Cure Number When the Crop Size is 130% of Barn Capacity
for a 5 Cure Harvest Season.

{nepk Cure #

Element
Number i 2 3 4 5 6 7

10

LD

12

13 L 2

Harvest delayed one Harvest delayed two
curing cycle curing cycles

Amount of crop delayed 1 curing cycle = 36 elements/65 elements = 55%

Amount of crop delayed 2 curing cycles = 7 elements/65 elements = 11%

*
Barn capacity = 16 elements.
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A series of harvest schedule experiments (Suggs, 1977 and recent
unpublished results) revealed that crop value decreased at an increasing
rate as harvest is delayed, Figure 2. This suggests that some degree
of barn overload could be tolerated corresponding to the period of
slow decrease in crop value with respect to harvest delay. For
larger delays, where crop value decreases more rapidly, the cost
of additional barn space is more likely to be less than the decrease
in crop value.
In order to analyze the trade off between crop size and curing
system size, a barn capacity of 1328 Kg (2927 1b) per cure and an annual costs
of $1262 for a barn with 1.52 m (5 ft) boxes are taken from the middle line of
Table 1. The normal no delay schedule was five primings spaced one week apart.
Per cure reduction in crop value with harvest deléy are taken from
Fig. 2. The appropriate value for Table 5 is found by multiplying
the reduction in crop value by the percentage of the crop delayed
by the size of the crop affected. Annual cost for barn space to
eliminate the harvest delay is found by multiplying the annual
cost for a barn ($1262) by the proportion of the barn required.
For example, in order to prevent any two week harvest delay
in an operation where crop size/barn capacity was 130%, one would
need to add barn space until the crop size/barn capacity was 120%
at which time maximum harvest delay would be only one week. This
would require a total barn space of 130/120 = 1.083 or an additional
8.3% barn space. The values in Table 5 are based on one curing

barn and yields of 2353 Kg/ha (2100 1lb/A).
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Annual barn cost, Table 5, are greater than crop value reductions
for all of the one week harvest delays and for the two week delays
associated with the crop size/barn capacity values of 130 and 140%.
For two-week delays affecting larger parts of the crop and for all three-
week delays, the crop loss is greater than the barn costs. The table
seems to indicate that while a two-week harvest delay can be tolerated
for a 130% or 140% crop.size/barn capacity operation it can not be
tolerated for the 150% or 160% barn loading factor. However, it
should be pointed out that addition of enough barn space to just
eliminate the 3 week harvest delay will reduce the barn loading
factor to 140% so that the operation can then be considered as a
140% loading factor crop. From Table 5 it can be seen generally
that additional barn space costs approach harvest delay losses at
about 140% of barn capacity. In order to allow for conditions
which would ;ccelerate harvest or increase curing time it might
be realistic to select a smaller loading factor.

Because barns are not available in very small sizes, it is
easier to balance crop size against barn capacity when the operation
involves several barns. While the author does not have data, it
appears that many farmers are increasing barn utilization by ex-
tending the harvest season from one to two weeks.

Barn costs are one of the largest expenses in tobacco
production. The curing season, and therefore barn usage, can be
extended by selecting variety, soil type and fertility level as

previously discussed. The season can also be extended by starting
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the harvest before the optimum time. Preoptimum harvesting was not
considered in the analysis tabulated in Table 5 because of the rapid
decrease in value. If this result is dependable and not restricted
to the 5 years of data summarized in Figure 2 some increase in on-farm
curing barn utilization is possible.

Use of more frequent light harvest or less frequent heévy harvest.
has little affect on the problem as the throughput of the barn is
not changed and the proportion of the crop subject to harvest delay
would not be changed, provided length of harvest season is not

changed.

Alternative Formal Analysis

The previous analysis approaches optimum curing capacity
intuitively, making allowances for the batch operation feature of
the curing barns. A more formal approach to optimization is pro-

vided by Hunt (1973) in the following equation:

(1)

where C = curing capacity, Kg/hr
w = size of crop, Kg
R = curing barn costs, $ per Kg/hr
L = labor costs, $/hr

K = timeliness loss factor, fraction of crop
value/day

F = barn fixed cost, fraction of initial cost
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V = crop price, $/Kg
H = hours of use per day
X = 4 if operation can be performed both before
and after optimum, 2 if operation limited
to pre or post optimum.
Tobacco curing barns, unlike grain dryers are not available in
a large range of sizes. Curing capacity is increased by adding
one or more of the '"standard'" size units. Barn capacity varies
somewhat but a value of about 1328 Kg (2927 1b) per cure is a good
average. Barn cost including 1.52 m (5 ft containers) is $8415 and the curing
¢ycle is six dayé plus one to unload and refill for a total of seven days. Barn
curing rate is 1328 Kg/7 days x 24 hr/day = 7.9 Kg/hr-cure so that the
unit cost is $8415/7.9 Kg/hr = $1065/Kg/hr of capacity.
Annual fixed costs, assuming 20 year life, %O% interest, 2% for

taxes and insurance and a salvage value of 20%are:

1175 (.9P) + .1(.2P) + .02P = .154 P

where .1175 is the cost recovery factor . associated with 10%
interest and a 20 year life, the second term is the
interest on the salvage value of the barn and the last
term is the cost of taxes and insurance.

Labor for supervising curing for a 25,000 Kg crop would amount

to about two hours per day or about $.35 per hour of barn operation.

Crop value for 1978 averaged about $2.98/Kg ($1.35/1b) or, for a yield

of 2353 Kg/ha (2100 1b/A), about $7005/ha ($2835/A). The timeliness factor,

from the $/ha value in Figure?2 is $7250-$6906/21 days = $16.38/day-ha,

$16.38/day-ha _

S e .002334/day .




Since barn cost was calculated on the basis of a seven day
use cycle the hours of operation will be 24 hours per day rather
than pﬁorating on the basis of six days of operation and one day
to unload and refill. A value of X = 2 is assumed since none of
the harvest was preoptimum.

Substituting these values into equation 1 for a crop size,

w, of 25,000 Kg one has

¢ 25,000 (.35 + .002334 x 2.98 x 25,000
~\] .13575 x 1065 " ° 24 x 2

C = 26.21 Kg/hr, 26.21 Kg/hr/7.9 Kg/hr/barn = 3.3 barns

The time required to cure the crop would be 25,000 Kg/26.21 Kg/hr
or 954 hr = 40 days = 5.7 weeks. This is seen to be equivalent
to a crop size/barn capacity of about 115% which is smaller than
shown to be optimum by the analyses in Table 5.

For tobacco harvesting, and probably for most crops, K has
a larger value away from the optimum than near it. Large values
of K indicate that crop value changes rapidly with time and when
substituted into equation 1 yield higher optimum equipment
capacities which in turn are associated with the capability of
harvesting the crop rapidly. Since K is dependent on the
width of the interval over which it is evaluated, the harves£
duration given by the equation should be compared to the intervgl
over which K was evaluated. If they differ appreciably, K should
be reevaluated over a different interval and substituted back into

the optimization equation until the harvest interval and the
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evaluation interval are similar.

In the above example K was evaluated over a 3 week harvest
delay while the solution gave a curing system capacity large
enough to cure the crop with no more than 1 week delay.
Reevaluation of K for a 1.5 week period from Figure 1 gives a
value of .0016797. Substitution of this value in the optimiza-
tion equation instead of the previous value gives a barn
capacity of 22.6 Kg/hr for a curing season of 6.58 weeks.
This is a barn loading factor of just over 130% or only slightly
smaller than the 140% suggested by Table 5. Maximum harvest
delay would be 1% weeks which is the interval over which K was
evaluated.

Let us now determine the response of the model to the addition
of preoptimum harvesting, that is let X take on a value of 4.
In order to do this it is necessary to evaluate K,the crop loss
factor in the preoptimum range. A weighted average over the range -
1 week to + 1% weeks gives a value of .0631l1 for K. Changing
K and X in equation 1 to the above values, the optimum barn
capacity becomes 21.86 Kg/hr for a harvest season of 6.8l weeks.
This is only slightly larger than the 6.58 weeks found without
preoptimum harvesting. Thus it is apparent that crop loss with
preoptimum harvest is so iarge that the model essentially rejects
preoptimum harvesting.

It = should be mentioned that actual optimum harvest time

may occur before the visual or accepted optimum time. In fact,
Canadian growers because of frost hazard do successfully harvest

at an earlier stage of ripeness than commonly practiced in the U.S.




Table 5. Relationships Between Crop Size, Curing Capacity, Harvest Delay-Crop Value and Curing
Barn Costs.

Crop Crop Size Number of Cures or Amount of Delayed Harvest . Annual Costs for Barns
Size Barn Capacity Weeks in Harvest _and Reduction in Crop Value to Eliminate Harvest Delay $
Season 1 Week 2 Weeks 3 Weeks 1 Week 2 Weeks 3 Weeks

Kg/Barn %

6640 100 5 - 0 0 .0 0 0 0

7304 110 55 25% (¢} 0 126 0 (6]
$54

7968 120 6 50% 0 0 252 (¢} 0
$116 ‘

8632 130 65 55% _11% (6] 274 105 (6}
$140 $72

9296 - 140 7 49% 26% 0 294 210 (o}
$134 $183

9960 150 7.5 40% 33% 7% 316 225 90
$117 $249 $102

10624 160 8 32% 32% 18% 336 241 180

$100 $257 $279

6T
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F16. 7, EFFECT OF HARVEST DELAY ON VALUE OF FLUE-CURED TOBACCO CROP.
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DEPARTMENT OF BIOLOGICAL AND AGRICULTURAL ENGINEERING

March 9, 1979

MEMORANDUM TO: ‘/RW Watkins, Chairman
J. W.Glover
F.J. Hassler

FROM: F.J. Hass

SUBJECT: Manuscript Review

Please accept my request for you to serve as a review committee
for the attached copy of manuscript, " Mechanical Harvesting of Flue-

Cured Tobacco: Part 10. Optimization of Curing Capacity and Bulk

Barm Parameters' by C. W. Suggs

The manuscript has been prepared for publication in Tobacco

Science

You should work directly with the author(s) in your review pro-
cess if needed; I would like a response from the Chairman about the
suitability of the manuscript for publication.

encl.

cc: C. W. Suggs
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of .1175, 20% salvage value and 3.6% of initial costs for repairs,

taxes and insurance. Curing fuel costs used in the analyses were

/ ($94/ton) for the smallest container. For the

$104 per metric toni
two larger containers fuel costs were prorated on the basis of barn
air flow. Cured weight was determined from the author's data as 16.7%
of the input green weight of 208 Kg/m3 (13 lb/fts). Costs for boxes
not commercially available were determined by-fgg%;éﬂg the $125 cost

e

%

of a 1.22 m (4') box into $30 for the bottom, $20 for the top and
AL 7 S

$O.7€/cm ($18.75 per foot) of height. Thus the 1.52 m (5') box

cost $18.75 more than the 1.22 m (4') box. Larger boxes increase
the total barn cost above the $8000 value given above. The barn holds
20 boxes and five cures can be completed in a normal season. A fan

efficiency of 55% and a motor efficiency of 75% were used %S>calcu—
3 e O
¢ y . _ m /min x pressure (mmf
lating fan power requirements: Kw = A571.5 x fan off. .

An electrical power cost of 5¢/Kwh was used in the analyses and
cure length was 6 days (144 hrs). Fan and motor initial costs

were estimated from manufacturers' catalogs.

Results

Unit costs, Table 1, reflecting barn costs, electrical cost and
fuel costs, were lowest for the .1.52 m box, $.326§/Kg. For the
shorter box ($.3454/Kg) the decrease in capital and operating costs
did not compensate for the decrease in capacity. For the higher box
($.3272/Kg) the increase in curing capacity did not compensate for

the rapid increase in electrical requirements of the larger fan.

Ly

="Watkins, R.W. Private communication.
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ABSTRACT

Mechanical Harvesting of Flue~Cured Tobacco Part 10:
Optimization of Curing Capacity and Bulk Barn Parameters

C.W. Suggs
N.C. State University
Raleigh, N.C.

nele
Curing container height and air flow wedme through the tobacco can

be controlled by the selection of equipment and certain operational choices.
These choices affect barn investment and operational costs, curing time and
barn throughput. A curing system with boxes 1.52 m (5') was found to be
cheaper in terms of investment and operating costs per kilogram of tobacco
cured than systems using 1.22 m (4') or 1.83 m (6') boxes. An intermediate
air flow of .0312 ms/min—Kg (.5 cfm/1b) of green tobacco was optimum as higher
air flows used excessive amounts of electric power to drive the fan and

lower air flows reduced barn throughput. One of the important findings

was that barn ownership costs were $30 to $36 per day of the curing season

and represent one of the largest costs of tobacco production.

An analysis was run to determine the most economical trade-off between
barn costs and loss in crop value with delayed harvest and curing. The
effect of harvest delay on crop value was evaluated over a period of
several years. The results of both an intuitive and a formal analysis
indicated that harvest delays of 1 to 2 weeks,instead of a normal 5
week curing season, maximized crop income by reducing curing barn

requirements more than they reduced crop value.
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i
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Mechanical Harvesting of Flue-Cured Tobacco:

L/

Part 10. Optimization of Curing Capacity and Bulk Barn Parameters—

C.W. Suggs

Bulk curing of flue-cured tobacco was introduced a;;;t 1960 and
has shown a steady, but not uniform, growth in farmer adoption since
its introduction. At the present time (1978) approximately 58% of
the North Carolina flue-cured crop is bulk cured (Watkins, 1978).

Other states appear to be using bulk curing on similar percentages\
of their crops so the U.S. average is probably close to the Nor@;h,j
Carolina value.

There has been considerable interaction between bulk curing and
mechanical harvesting as bulk curing is a hecessary companion to suc-
cessful mechanical harvesting. About two thirds of the bulk cured
leaf is also mechanically harvested. Because of the labor required
to fill bulk curing racks the author and his assotiates developed a
system (Suggs, 1977) which allows machine filling of containers in

oty %00 ¢
hich the leaf can be cured. Those containers hold 300 Kg to 3660 Kg :;:i
(kv 700 > 20004h) 1 -
depending on the size of the different manufacturers' models.
Because of limited experience with bulk container curing, growers

e

and manufacturers may not have the information needed to optiiégevupﬁ; P
e C(N/é?(ll’vr
curing system parameters and capacity and properly interface thlﬂ}

£/Paper No. of the Journal Series of the North Carolina Agri- .
cultural Research Service, Raleigh, N.C. The use of trade names
in this publication does not imply endorsement by the North Carolina
Agricultural Research Service of the products named, nor criticism
of similar ones not mentioned.
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with a harvesting system. The purpose of this paper is to present
data and analyses from which parameter optimization decisions can
be made and to present and demonstrate a procedure for determining

optimum curing capacity or number of barns for a given/sizeicrop.

Curing Container Height

The curing capacity of a bulk barn depends,among other things,
on the height of the container. In the following analysis it is
assumed that no barn structural changes are required to accommodate
higher containers. The analysis considers the larger fan and motor
required, the extra heat and electricity requirements and the cost
to make containers taller. Container sizes analyzed were .91 m x
1.37mx 1.22m, 1.52 m and 1.83 m high (3' x 4%' x 4, 5 or 6').
Loading density was 208 Kg/m3 (13 lb/fta) and air flow was constant
with respect to initial weight at .031 ma/min~Kg (.5 cfm/m;n”).
Air leakage around the container and seepage out of the barn was
taken at 40% for the lowest container height (pressure) (Cundiff and
Sumner, £977) and calculated for the other two heights on the
basis that there was no change in the leakage area. Reference air
pressures were taken from experience and dependent air pressures
were calculated. An increase in pressure was needed to force the
air through the taller boxes. Additional pressure was also required
to provide the higher flow rates needed by the extra tobacco in the
+afln
‘higher boxes. .22 % (u¥
Barn costs includingﬂcontainers were calculated on the basis of

$8000 initial cost, 10% interest, 20 year life for a cost recovery factor




of .1175, 20% salvage value and 3.6% of initial costs for repairs,
taxes and insurance. Curing fuel costs used in the analyses were

1/ ¥ S

$104 per metric ton-— ($94/ton) for the smallest container. For the

0 fuss SL;._, 9
two—larger containers fuel costs were prorated on the basis of barn
__air flow, Cured weight was determined from the author's data as 16.9%

of the input green weight of 208 Kg/m (13 lb/w d?osts for boxes
not commercially available were determined by &fﬁogkng‘" he $125 cost
PAS
of a 1.22 m (4') box into $30 for the bottom”. $20 for the top and
$0'.(;/4§cm ($18.75 per foot) of height. Thus the 1.52 m (5') box
cost $18.75 more than the 1.22 m (4') box. Larger boxes increase
the total barn cost above the $8000 value given above. The i!:)ar'n holds
20 boxes and five cures can be completed in a normal season. A fan
efficiency of 55% and a motor efficiency of 75% were used in calcu-
{_ ... 1lating fan power rez/%cx"\é:erlxz;: Kw = &wﬁgz H”O:M_,n_,/
) : - BT~
/ An electrical power cost of 5¢/Kwh was used in the analyses and ' %——i’\

cure length was 6 days (144 hrs). Fan and motor initial costs

were estimated from manufacturers' catalogs.

Results
Unit costs, Table 1, reflecting barn costs, electrical cost and
¥ s/
fuel costs, were lowest for the 1.52 m box, $.3269/Kgﬁ For the

/Sb(a/
'
shorter box .($,3454/K%k)> the decrease in capital and operating costs

did not c pensate for the decrease in capacity. For the frigher box
“{J"‘* Tu.'.ta
(5. 3272/KQ the increase in curing capacity did notkcompensate for ,Jq;
Acln
M increase in electrical requir ents of the larger fan J*“‘U" l .
pq,af_ yé-n IS A
T/

='Watkins, R.W. Private communication.

(‘,os{z Mouve “w“-.\ “fﬁa»j (nlarasr




Table 1. Effect of Curing Box Height on Capacity, Air Flow and Pressure
Requirements, Barn Costs, Fan Power, and Total Cost Per

Kiloir‘a %f Toba;:co Cur‘ned! Haow = RBiz ”‘;/’“L’"E & (c/,.,/#)
PE5%) II"V\\ W\/Nllqﬁl

Air Pressure

Weight Flow Flow for For ; .
Box . @ Per 20 Box Barn For Extra -~ P4 '°
Height Capacity 208 Kg/m Box With Losses Height Flow
m & m3 Kg m3/min ms/min mmazt’,.,{) mm {/N.O
- -
1.22 4 1.52 316 9.9 331 . 10.2 (6]
L 40% loss
[ L
1.52 § l,g@‘ 39? 12 .4. 435 127 Tl
42.7% loss
1.88 2.28 474 14.9 542 15.2 19.0
45% loss
Table 1. Cont'd:
Fan Total
Air Pressure 2“ and Initial
Box Duct#® Total for Inp* Box Motor  Barn
Height Loss Barn Fan Power Costs Costs Costs
A
m mm %*f,o mm ;’V ) KW $ $ $
1.22 12.7 22.9 3.01 2500 250 8000
1552 152 35,1 6.05 2875 290 8415
1.83 17.8 52,1 L12S 3250 444 8944
Table 1. Cont'd:
Annual Annual
Annual Electrical Fuel Total Annual
Box Barn Cost 5-144 hf- Costs Annual Cured Unit
Height Costs Cures 5 Cures Expense Weight Cost
n $ $ $ $ Ke s/xg /K
2o s
1522 1200 108 525 1833 5307 3454 '
" = K 3 o Tl i
1.52 1262 218 690 2370 w 369 (1§53
" 2(,50 2
1.83 1342 404 Big( 2896 7961 3272 .M* %é‘

Ccd 3 A




Because air pressure decreases as the tobacco wilts and dries
during the cure there may be some small error in calculating elec-
trical costs on the basis of the initial air flow and pressure.
However, this decrease in pressure (and increase in flow) would affect
all container heights similarly so that the final comparative results
would change very little. There is some increase in leakage with
the higher boxes because flow resistance of the box incregses with
height and forces more air through the leakage openings.

Curing time was assumed equal for all box heights on the basis
of the fact that box air flow was constant with respect to green
weight. This means that for the taller containers the air velocity
is greater. Higher air velocities often tend to dry the E?bgqco

Tvbee co
before yellowing is complete where the air first contacts ;t.l This
problem is more prevalent with dry weather crops or in barns which are
not properly sealed. Slow drying and poor quality cures in the mid *#

to upper part of taller boxes have also been experienced.

Air Flow
Insufficient air flow is one of the most critical problems in
container bulk curing. While adequate air flow is essential to
good cured leaf quality, excess air flow wastes fan power, increases
exfiltration and is likely to prematurely dry the leaf.
In Table 2 the effects of air flow from .0186 to .0434 ms/min-Kg
of green leaf (.3 to .7 cfm/1b) through 1.52 m (5') high cont§%?iz§

e C
loaded to a density of 208 Kg/ms, (13 lb/fts) holding Sqﬂ Kglff green




tobacco, is én;lyzed. An average cured weight yield, from the author's
data, of 16:2!¥ gives 1327 Kg as the cured capacity of a 20 box barn
or 6638 Kg per 5-cure season. The 1.52 m box of Table 1 is taken

as a reference for Table 2 and appears as the middle line of that
table.

The author's experience indicates that yellowing can be accomplished
with low air flow but that drying is delayed if flow is not adequate.
Yellowing time averages about 60 hours and drying time for the inter-
mediate or reference air flow was 84 hrs for a total curing time of
144 hours (6 days). For higher or lower air flows the drying time
was proportionally shorter or longer, respectively so that drying
air volume for the total cure was constant for all flow rates.

Barn costs were almost constant, reflecting only the costs of larger
fans and motors for the higher air flows. Annual barn costs were
calculated as in the previous example based on container height.
Barn costs per cure were prorated on the basis of a normal curing

season of 5 cg{es times 7 days per cure (6 days curihg plus 1 day

o Qiortonns "
reloadin%). Thus a barn load which cures out in 144 hours is
144 + 24

x barn annual costs.
849 (4 WAL
Unit costs were lowest, $.3269/Kgx for the middle flow rate,

charged with

Table 2. Costs did not increase as rapidly with higher flow rates,
o .1520) (K. 1673)
$.3373/Kgf as they did for lower flow rates, $.3690/Kg& giving

another indication that barn ownership costs are the largest single

item in curing costs.




In Table 2 the fuel cost was considered to be constant at $104
per metric ton because the same amount of water had to be removed
regardless of flow rate. Electricity costs were based on the
curing times shown. However, because of heat loss through the
structure and exfiltration of heated air, fuel consumption tends
to increase with curing time. Cundiff and Sumner (1977) reported
that 39% of the heat energy escaped from the barn during normal
length cures.

The author's data from 1977 and 1978 relating flow to curing
time and fuel consumptioay are used in Table 3, ;:; provide a
better basis for calculating unit costs. Although, other condi-
tions are the same as in Table 2, barn and electricity costs are
different because curing time has changed. This table shows a
significant increase in fuel costs with decreased air flow.

With this refinement in the analysis the lowest per unit cost

eb V25
£edts /next ‘Lo the) highest flow rate. '_L,e—*“" >

Crop Size - Barn Space Optimization

Intuitive Analysis

Historically, priming intervals have been one week each.
Also,the curing cycle has been one week so that successive
primings from a field can be placed as successive cures in a
single barn. When priming intervals are not equal to curing cycle
time and, in fact, wises priming intervals may vary significantly
during the season_ the analysis of curing barn requirements is

J

complicated.




8
Table 2. Effect of Flow Rate on Pressure, Fan Power, Curing Time, Fuel,
Electricity, Barn and Unit Cost;. /,5‘2 m ((5- l) s v 7 ,?,)(

Unit Box Box Duct Total Bypass 20 Box
Flow Flow Pressure Loss Fan Pressure and Seepage Barn Flow

, m3/min—Kg m3/min mm ) 1. mm mm | 4 % ms/min

’ ) !
.0186 7.4 Tl 10:.2 17,3 43 261
.0248 9.9 12.7 1257 25.4 43 349
.0312 12.4 19.8 15.2 35.0 43 435
.0372 14.9 28.4 17.8 46,2 43 523
.0434 17.4 38.9 20.3 59,2 43 611
Table 2. Cont'd:

Total Initial Annual
Unit 1??“4 Drying Curing Barn Barn
Flow Power Time Time Costs Costs (a)
m3/min—Kg KW Hr Hr $ $
.0186 1.8 140 200 8350 1252
.0248 3.5 105 165 8375 1256
.0312 6.1 84 144 8415 1262
.0372 9.6 70 130 8560 1284
.0434 14.4 60 120 8700 1305
Table 2. Cont!d:
Barn Fuel Costs

Unit Costs Elect. Cost @ $104 Per Total Unit
Flow Per Cure (a) @ 5¢/Kwh (a) Metric Ton (b) Cost Cost
m3/min—Kg $/Cure $/Cure $/Cure $/Cure $/xg #H
.0186 334 18 138 490 .3690 JJL T |
.0248 283 28 138 450 .3389 ,537
.0312 252 44 138 434 3269 k82 |
.0372 235 62 138 435 .3276 , k5L |
.0434 224 86 138 448 .3373,L§ZD‘

(a) Assumes that 5 standard cures (6 days curing + 1 day reloading) can be made

during the year and that barn is not otherwise used.

curing time to get hours per curing cycle.

(b) Arfuad éhred weight of 1328 Kgéﬁifen from Table 1.
)

Add 24 hours to total



Table 3.

Effect of Flow Rate on Curing Time, Fuel, Electricity, Barn
and Total Costs.

Fuel Consumption and Curing Time from

GbservationSs_ £
Unit Curing Fuel Electricity Barn Unit
Flow Time Costs Cost Costs Total Costs
O/N/jﬁ ma/min-Kg Hr $/Cure $/Cure $/Cure $/Cure $/Kg ¢
,3  .0186 211 167 19 350 536 .4036 /%30
& .0248 196 152 34 329 515 3878 (157
.S .0812 176 138 54 300 492 .3705 1460
 .0372 162 128 78 284 490 .3690 ./£7%
7 .0434 154 118 il 277 506 3810 1727
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If uniform harvesting is assumed then curing barn capacity
times the number of curing cycles per season must be at least
as large as the crop weight allocated to each barn. One common
mistake in evaluating curing capacity is to over-estimate the
number of curing cycles possible per curing season. When this
happens part of the crop will have to remain in®the field past
its optimum ripeness or part will have to be harvested before
optimum ripeness to prevent the harvest from "getting behind".

In order to determine how much of the crop would have to
be harvested one or two weeks late for a given crop size it is
convenient to break the crop up into equal elements such that
barn capacity and crop size can be expressed as whole numbers.
Table 4 shows a crop size of 130% of barn capacity which has been
divided into 13 elements such that 10 elements will fill a barn
for each of the 5 weekly primings. Element primings scheduled
to the right of the first and second diagnoal lines have been
delayed one and two curing cycles (weeks), respectively.
In the third cure, for example, the first 4 elements are from
the third priming. The last 6 elements have been delayed one week
and are, therefore, from the second priming as indicated by the
number 2. Percentage of material harvested one curing cycle late
is determined by the number of such elements as compared to the
total crop. Table 5 gives the amount of harvest delay for various

crop size/barn capacity ratios.
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Table 4. Schedule of Crop Harvest (Priming Number) With Respect to
Cure Number When the Crop Size is 130% of Barn Capacity
for a 5 Cure Harvest Season.

>
g;:ient Cuge #
Number L 2 3 4 5 6 74
& 1 2 3 4 5)
2 4 5
3 4 5
4 4 5
5 4 5
6 4 5
7 4 5
8
9
10
11
12
13 1 2 3
Harvest delayed one Harvest delayed two
curing cycle curing cycles

Amount of crop delayed 1 curing cycle = 36 elements/65 elements = 55%
Amount of crop delayed 2 curing cycles = 7 elements/65 elements = 11%

0 : A
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A series of harvest schedule experiments (Suggs, 1977 and recent
unpublished results) revealed that crop value decreased at an increasing
rate as harvest is delayed, Figure 1. This suggests that some degree
of barn overload could be tolerated corresponding to the period of
slow decrease in crop value with respect to harvest delay. For
larger delays, where crop value decreases more rapidly, the cost
of additional barn space is more likely to be less than the decrease
in crop value.

In order to analyze the trade off between crop size and curing

(/8
system size,barn capacity of 1328 Kg (2927 lb) per cure and an annual

Forca "AMV\ Wl :S2Z o (SFH boxns

barn cost of $1262qare taken from the middle line of Table 1. The
normal no delay schedule was five primings spaced one week apart.
Per cure reduction in crop value with harvest deléy are taken from
Fig.:i. The appropriate value for Table 5 is found by multiplying
the reduction in crop value by the percentage of the crop delayed
by the size of the crop affected. Annual cost for barn space to
eliminate the harvest delay is found by multiplying the annual
cost for a barn ($1262) by the proportion of the barn required.

For example, in order to prevent any two week harvest delay
in an operation where crop size/barn capacity was 130%, one would
need to add barn space until the crop size/barn capacity was 120%
at which time maximum harvest delay would be only one week. This
would require a total barn space of 130/120 = 1.083 or an additional

8.3% barn space. The values in Table 5 are based on one curing

barn and yields of 2353 Kg/ha (2100 1b/A).
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Annual barn cost, Table 5, are greater than crop value reductions
for all of the one-sweek harvest delays and for the two-week delays
associated with the crop size/barn capacity values of 130 and 140%.
For two-week delays affecting larger parts of the crop andhg&l”three-
week delays the crop loss is greater than the barn costs. ﬁThe table

d.fa-»a
seems to indicate that whlle LS week%.qf harvestncan be tolerated
for a 130% or 140% crop size/barn capacity operation it can not be
tolerated for the 150% or 160% barn loading factor. However, it
should be pointed out that addition of enough barn space to just
eliminate the 3 week harvest delay will reduce the barn loading
factor to 140% so that the operation can then be considered as a
140% loading factor crop. From Table 5 it can be seen generally
that additional barn space costs approach harvest delay losses at
about 140% of barn capacity. In order to allow for conditions
which would ;ccelerate harvest or increase curing time it might
be realistic to select a smaller loading factor.

Because barns are not available in very small sizes, it is
easier to balance crop size against barn capacity when the operation
involves several barns. While the author does not have data, it
appears that many farmers are increasing barn utilization by ex-
tending the harvest season from one to two weeks.

Barn costs are one of the largest expenses in tobacco
production. The curing season, and therefore barn usage, can be

extended by selecting variety, soil type and fertility level as

previously discussed. The season can also be extended by starting
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the harvest before the optimum time.“ Figure—il—shows-how_crop.value _ >/
/

/‘@-‘/

opemthRanvest tifew Preoptimum harvesting was not considered in

the analysis tabulated in Table 5 because of the rapid decrease in

value. How y-it-w found—inthe-course-of the experimental™ /

P

work—that the maximum-crop value-shown-in-Figure-l—-occurred-about
ore—week-before-the 'optimum'--visual .or-subjective ripeness.
If this result is dependable and not restricted to the 5§ years of
data summarized in Figured some increase in on-farm curing barn
utilization is possible.

Use of more frequent light harvest or less frequent heavy
harvest has little affect on the problem as the thiouzhput of
the barn is not changed and the proportipon of the crop subject to

o P il s pige A

harvest delay would not be changed) P\nviﬁfJ Lty T g O~ P
/ YL& /] tfia

Alternative Formal Analysis

The previous analysis approaches optimum curing capacity
intuitively, making allowances for the batch operation feature of
the curing barns. A more formal approach to optimization is pro-

vided by Hunt (1973) in the following equation:

\ E KVw, *
C = P(L +'H—X—-) (d8)

where C = curing capacity, Kg/hr
w = size of crop, Kg
P = curing barn cost.s. $ per Kg/‘—/?vy
L = labor costs, $/hr

K = timeliness loss factor, fraction of crop
value/day

F = Bara K(#me tost, fochin Q) (wtlet Cosh
v
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V =-crop price, $/Kg
H =\hours of use per day
X = 4 if operation can be performed both before
and after optimum, 2 if operation limited
to pre or post optimum.
Tobacco curing barns, unlike grain dryers are not available in
a large range of sizes., Curing capacity is increased by adding
one or more of the '"standard" size units. Barn capacity varies
somewhat but a value of about 1328 Kg (2927 1b) per cure is a good
i 152785 Continac
average. Barn cost from-Table~l is $8415 and the curing cycle is six
days plus one to unload and refill for a total of seven days. Barn
' (T
curing rate is 1328 Kg/7 days x 24 hr/day = 7.9 Kg/hr-baan so that the
unit cost is $8415/7.9 Kg/hr = $1065/Kg/ha. of capacity.

Annual fixed costs, assuming 20 year life, 10% interest, 2% for

taxes and insurance and a salvage value of‘zp% are:

36 P >0,

.1175 (.9P) + .1(,2P) + .02P = .i35%75P

where .1175 is the cost recovery factor, % s cheies

o~d a PCuan e/ 7
the second term is the interest on the salvage
i)
value of the maehime and the last term is the
cost of taxes and insurance.
Labor for supervising curing for a 25,000 Kg crop would amount
to about two hours per day or about $.35 per hour of barn operation.
Crop value for 1978 averaged about $2.98/Kg ($1.35/1b) or, for a yield
(#2 53h)
of 2353 Kg/ha (2100 1b/A), about $7005/ha; The timeliness factor,

from the $/ha value in Figure 1 is $7250-$6906/21 days = $16.38/day-ha,

$16.38/day-ha _
$7005/ha = = .002334/day .
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Since barn cost was calculated on the basis of a seven day
use cycle the hours of operation will be 24 hours per day rather
than pforating on the basis of six days of operation and one day
to unload and refill. A value of X = 2 is assumed since none of
the harvest was preoptimum.

Substituting these values into equation 1 for a crop size,

w, of 25,000 Kg one has

¢ 25,000 (i35 + .002334 x 2.98 x 25,000 ’%’
.13575 x 1065 24 x 2

C = 26.21 Kg/hr, 26.21 Kg/hr/7.9 Kg/hr/barn = 3.3 barns

The time required to cure the crop would be 25,000 Kg/26.21 Kg/hr
or 954 hr = 40 days = 5.7 weeks. This is seen to be equivalent
to a crop size/barn capacity of about 115% which is smaller than
shown to be optimum by the analyses in Table 5.

For tobacco harvesting, and probably for most crops, K has
a larger value away from the optimum than near it. Large values
of K indicate that crop value changes rapidly with time and when
substituted into equation £ yield higher optimum eqqipment

capacities which in turn are associated with the cgpability of
18 dwejamad 2

harvesting the crop rapidly. Since K uanées‘dépendtng on the

width of the interval over which it is evaluated, the harvesé

duration given by the equation should be compared to the interv;l
over which K was evaluated. If they differ appreciably, K should
be reevaluated over a different interval and substituted back into

the optimization equation until the harvest interval and the
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evaluation interval are similar.

In the above example K was evaluated over a 3 week harvest
delay while the solution gave a curing system capacity large
enough to cure the crop with no more than 1 week delay.
Reevaluation of K for a 1.5 week period from Figure 1 gives a
value of .0016797. Substitution of this value in the optimiza-
tion equation instead of the previous value gives a barn
capacity of 22.6 Kg/hr for a curing season of 6.58 weeks.
This is a barn loading factor of just over 130% or only slightly
smaller than the 140% suggested by Table 5. Maximum harvest
delay would be 1% weeks which is the interval over which K was
evaluated.

Let us now determine the response of the model to the addition
of preoptimum harvesting, that is let X take on a value of 4.
In order to do this it is necessary to evaluate K,the crop loss
factor in the preoptimum range. A weighted average over the range -
1 week to + 1% weeks gives a value of .06311 for K. Changing
K and X in equation 1 to the above values, the optimum barn
capacity becomes 21.86 Kg/hr for a harvest season of 6.8l weeks.
This is only slightly larger than the 6.58 weeks found without
preoptimum harvesting. Thus it is apparent that crop loss with
preoptimum harvest is so large that the model essentially rejects
preoptimum harvesting.

Again, it should be mentioned that actual optimum harvest time
may occur before the visual or accepted optimum time. In fact,
Canadian growers because of frost hazard do successfully harvest

at an earlier stage of ripeness than commonly practiced in the U.S.




Table 5. Relationships Between Crop Size, Curing Capacity, Harvest Delay-Crop Value and Curing
Barn Costs.
Crop Crop Size Number of Cures or Amount of Delayed Harvest Annual Costs for Barns
Size Barn Capacity Weeks in Harvest and Reduction in Crop Value to Eliminate Harvest Pelaz $
Season 1 Week 2 Weeks 3 Weeks 1 Week 2 Weeks 3 Weeks

Kg/Barn %

6640 100 5 ' Q (6} .0 (6] (o} (¢}

7304 110 545 25% 0 0 126 0 (6]
$54

7968 120 6 50% 0 0 252 (o] 0
$116

8632 130 65 55% J11% 0 274 105 0
$140 $72

9296 140 7 49% 26% 0 294 210 0
$134 $183

9960 150 7.e5 40% 33% 7% 316 225 20
$117 $249 $102

10624 160 8 32% 32% 18% 336 241 180
$100 $257 $279

8T
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ABSTRACT

Mechanical Harvesting of Flue-Cured Tobacco Part 10:
Optimization of Curing Capacity and Bulk Barn Parameters

C.W. Suggs
N.C. State University
Raleigh, N.C.

Curing container height and air flow wvedeme through the tobacco can
be controlled by the selection of equipment and certain operational choices.
These choices affect barn investment and operational costs, curing time and
barn throughput. A curing system with boxes 1.52 m (5') was found to be
cheaper in terms of investment and operating costs per kilogram of tobacco
cured than systems using 1.22 m (4') or 1.83 m (6') boxes. An intermediate
air flow of .0312 m3/min—Kg (.5 cfm/1b) of green tobacco was optimum as higher
air flows used excessive amounts of electric power to drive the fan and
lower air flows reduced barn throughput. One of the important findings
was that barn ownership costs were $30 to $36 per day of the curing season
and represent one of the largest costs of tobacco production.

An analysis was run to determine the most economical trade-off between
barn costs and loss in crop value with delayed harvest and curing. The
effect of harvest delay on crop value was evaluated over a period of
several years. The results of both an intuitive and a formal analysis
indicated that harvest delays of 1 to 2 weeks,instead of a normal 5
week curing season, maximized crop income by reducing curing barn

requirements more than they reduced crop value.

February 27, 1979




Mechanical Harvesting of Flue-Cured Tobacco:

1/

Part 10. Optimization of Curing Capacity and Bulk Barn Parameters—
C.W. Suggs

Bulk curing of flue-cured tobacco was introduced égght 1960 and
has shown a steady, but not uniform, growth in farmer adoption since
its introduction. At the present time (1978) approximately 58% of
the North Carolina flue-cured crop is bulk cured (Watkins, 1978).
Other states appear to be using bulk curing on similar percentages ¢
of their crops so the U.S. average is probably close to the North
Carolina value.

There has been considerable interaction between bulk curing and
mechanical harvesting as bulk curing is a necessary companion to suc-—
cessful mechanical harvesting. About two thirds of the bulk cured
leaf is also mechanically harvested. Because of the labor required
to fill bulk curing racks the author and his asso&iates developed a
system (Suggs, 1977) which allows machine filling of containers in
which the leaf can be cured. Those containers hold 400 Kg to 1000 Kg
depending on the size of the different manufacturers' models.

Because of limited experience with bulk container curing, growers
and manufacturers may not have the information needed to optimize‘

b Co"
curing system parameters and capacity and properly interface them

i/Paper No. of the Journal Series of the North Carolina Agri-

cultural Research Service, Raleigh, N.C. The use of trade names

in this publication does not imply endorsement by the North Carolina
Agricultural Research Service of the products named, nor criticism
of similar ones not mentioned.

o




with a harvesting system. The purpose of this paper is to present
data and analyses from which parameter optimization decisions can
be made and to present and demonstrate a procedure for determining

d

optimum curing capacity or number of barns for a given size”crop.

Curing Container Height

The curing capacity of a bulk barn depends,among other things,
on the height of the container. In the following analysis it is
assumed that no barn structural changes are required to accommodate
higher containers. The analysis considers the larger fan and motor
required, the extra heat and electricity requirements and the cost
to make containers taller. Container sizes analyzed were .91 m x
1.37 mx 1.22 my, 1.52 m and 1.83 m high (3' x 4%' x 4, 5 or 6').
Loading density was 208 Kg/m3 (13 lb/fta) and air flow was constant
with respect to initial weight at .031 m3/min~Kg (.5 cfm/uigSi
Air leakage around the container and seepage out of the barn was
taken at 40% for the lowest container height (pressure) (Cundiff and
Sumner, 1977) and calculated for the other two heights on the
basis that there was no change in the leakage area. Reference air
pressures were taken from experience and dependent air pressures
were calculated. An increase in pressure was needed to force the
air through the taller boxes. Additional pressure was also required

/to provide the higher flow rates needed by the extra tobacco in the

-4

-0
% boxes .
Barn costs including containers were calculated on the basis of

$8000 initial cost, 10% interest, 20 year life for a cost recovery factor
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of .1175, 20% salvage value and 3.6% of initial costs for repairs,
taxes and insurance. Curing fuel costs used in the analyses were

$104 per metric toni/ ($94/ton) for the smallest container. For the
two larger containers fuel costs were prorated on the basis of barn
air flow. Cured weight was determined from the author's data as 16.7%
of the input green weight of 208 Kg/m3 (13 lb/fta). gosts for boxes
not commercially available were determined by;éiv;éi;éu;Le $125 cost
of g 1.22 m (4') box into $30 for the bottoi{téég for the top and
$0.74 2 (§18.75 per foot) of height. Thus the 1.52 m (5') box

cost $18.75 more than the 1.22 m (4') box. Larger boxes increase

the total barn cost above the $8000 value given above. The barn holds

20 boxes and five cures can be completed in a normal season. A fan

efficiency of 55% and a motor efficiency of 75% were used in calcu-

3 %t O
- . . _ m/min x pressure (mm) - i
lating fan power requirements: Kw = 2A571.5 x fan eff. . 1;}_ L o bt
3 L2l

An electrical power cost of 5¢/Kwh was used in the analyses and 1~ 'V-.;

cure length was 6 days (144 hrs). Fan and motor initial costs

were estimated from manufacturers' catalogs.

Results
Unit costs, Table 1, reflecting barn costs, electrical cost and
fuel costs, were lowest for the 1.52 m box; $.3269/Kg. For the
shorter box ($.3454/Kg) the decrease in capital and operating .costs
did not compensate for the decrease in capacity. For the higher box
($.3272/Kg) the increase in curing capacity did not compensate for

the rapid increase in electrical requirements of the larger fan.

1/

='Watkins, R.W. Private communication.




Table 1. Effect of Curing Box Height on Capacity, Air Flow and Pressure
Requirements, Barn Costs, Fan Power, and Total Cost Per
Kilogram of Tobacco Cured.
Air Pressure
Weight Flow Flow for For
Box | 3 Per 20 Box Barn For Extra
Height Capacity 208 Kg/m Box With Losses Height Flow
m i Kg m3/min m3/min mm mm
1.22 1.57 316 9.9 381 R 10.2 0
¢ 40% loss
1.52 1.89 393 12.4 435 12.7 Pl
42.7% loss
1.83 2.28 474 14.9 542 15.2 19.0
45% loss
Table 1. Cont'd:
Fan Total
Air Pressure and Initial
Box Duct Total for Box Motor Barn
Height Loss Barn Fan Power Costs Costs Costs
m mm mm KW $ $ $
1.22 12.7 22.9 3.01 2500 250 8000
1.52 15.2 35.1 6.05 2875 290 8415
1.83 17.8 52.1 11.23 3250 444 8944
Table 1. Cont'd:
Annual Annual
Annual Electrical = _ Fuel Total Annual
Box Barn Cost 5-144 ha._. Costs Annual Cured Unit
Height Costs Cures 5 Cures Expense Weight Cost
m $ $ $ $ Kg $/Kg
1,22 1200 108 525 1883 5307 .3454
1.52 1262 218 690 2170 6638 .3269
1.88 1342 404 859 2605 7961 3272




Because air pressure decreases as the tobacco wilts and dries
during the cure there may be some small error in calculating elec-
trical costs on the basis of the initial air flow and pressure.
However, this decrease in pressure (and increase in flow) would affect
all container heights similarly so that the final comparative results
would change very little. There is some increase in leakage with
the higher boxes because flow resistance of the box incregses with
height and forces more éir through the leakage openings.

Curing time was assumed equal for all box heights on the basis
of the fact that box air flow was constant with respect to green
weight. This means that for the taller containers the air velocity
is greater. Higher air velocities often tend to dry the tobaqgo
before yellowing is complete where the air first contact;!it. This
problem is more prevalent with dry weather crops or in barns which are
not properly sealed. Slow drying and poor quality cures in the mid #

to upper part of taller boxes have also been experienced.

Air Flow
Insufficient air flow is one of the most critical problems in
container bulk curing. While adequate air flow is essential to
good cured leaf quality, excess air flow wastes fan power, increases
exfiltration and is likely to prematurely dry the leaf.
In Table 2 the effects of air flow from .0186 to .0434 m3/min—Kg
of green leaf (.3 to .7 c¢fm/1b) through 1.52 m (5') high containers

loaded to a density of 208 Kg/ma, (13 lb/fts) holding 398 Kg of green




tobacco, is analyzed. An average cured weight yield, from the author's
data, of 16.67% gives 1327 Kg as the cured capacity of a 20 box barn
or 6638 Kg per 5S=cure season. The 1.52 m box of Table 1 is taken

as a reference for Table 2 and appears as the middle line of that
table.

The author's experience indicates that yellowing can be accomplished
with low air flow but that drying is delayed if flow is not adequate.
Yellowing time averages about 60 hours and drying time for the inter-
mediate or reference air flow was 84 hrs for a total curing time of
144 hours (6 days). For higher or lower air flows the drying time
was proportionally shorter or longer, respectively so that drying
air volume for the total cure was constant for all flow rates.

Barn costs were almost constant, reflecting only the costs of larger
fans and motors for the higher air flows. Annual barn costs were
calculated as in the previous example based on container height.
Barn costs per cure were prorated on the basis of a normal curing

season of 5 ngézbtimes 7 days per cure (6 days curihg plus 1 day
0. -

wrs
o . .
reloadingh. Thus a barn load which cures out in 144 hours is
charged with 144 £ 24, . barn annual costs.

840
Unit costs were lowest, $.3269/Kg, for the middle flow rate,

Table 2., Costs did not increase as rapidly with higher flow rates,
$.3373/Kg, as they did for lower flow rates, $.3690/Kg, giving
another indication that barn ownership costs are the largest single

item in curing costs.




In Table 2 the fuel cost was considered to be constant at $104
per metric ton because the same amount of water had to be removed
regardless of flow rate. Electricity costs were based on the
curing times shown . However, because of heat loss through the
structure and exfiltration of heated air, fuel consumption tends
to increase with curing time. Cundiff and Sumner (1977) reported
that 39% of the heat energy escaped from the barn during normal
length cures.

The author's data from 1977 and 1978 relating flow to curing
time and fuel consumption, are used in Table 3, and provide a
better basis for calculating unit costs. Although, other condi-
tions are the same as in Table 2, barn and electricity costs are
different because curing time has changed. This table shows a
significant increase in fuel costs with decreased air flow.

With this refinement in the analysis the lowest per unit cost

falls next to the highest flow rate.

Crop Size - Barn Space Optimization

Intuitive Analysis

Historically, priming intervals have been one week each.
Also,the curing cycle has been one week so that successive
primings from a field can be placed as successive cures in a
single barn. When priming intervals are not equal to curing cycle
time and, in fact, xgﬁthriming intervals may vary significantly
during the seasoy,the analysis of curing barn requirements is

complicated.




Table 2. Effect of Flow Rate on Pressure, Fan Power, Curing Time, Fuel,
Electricity, Barn and Unit Costs.
Unit Box Box Duct Total Bypass 20 Box
Flow Flow Pressure Loss Fan Pressure and Seepage Barn Flow
m3/min-Kg m3/min mm mm mm % m3/min
.0186 7.4 Zgll 10.2 17.3 43 261
.0248 9.9 12.7 12.7 25.4 43 349
.0312 12.4 19.8 15.2 35.0 43 435
.0372 14.9 28.4 17.8 46.2 43 523
.0434 17.4 38.9 20.3 59.2 43 611
Table 2. Cont'd:
Total Initial Annual
Unit Fan Drying Curing Barn Barn
Flow Power Time Time Costs Costs (a)
m3/min—Kg KW Hr Hr $ $
.0186 1.8 140 200 8350 1252
.0248 3.5 105 165 8375 1256
.0312 6.1 84 144 8415 1262
.0372 9.6 70 130 8560 1284
.0434 14.4 60 120 8700 1305
Table 2. Cont!d:
Barn Fuel Costs
Unit Costs Elect. Cost @ $104 Per Total Unit
Flow Per Cure (a) @ 5¢/Kwh (a) Metric Ton .(b) Cost Cost
m3/min-Kg $/Cure $/Cure $/Cure $/Cure $/Kg
.0186 334 18 138 490 .3690
.0248 283 29 138 450 .3389
.0312 252 44 138 434 .3269
0372 235 62 138 435 .3276
.0434 224 86 138 448 «3873

(a) Assumes that 5 standard cures (6 days curing + 1 day reloading) can be made

during the year and that barn is not otherwise used.

Add 24 hours to total

curing time to get hours per curing cycle.

(b) Annual cured weight of 1328 Kg taken from Table 1.




Table 3. Effect of Flow Rate on Curing Time, Fuel, Electricity, Barn

and Total Costs. Fuel Consumption and Curing Time from

Observations.
Unit Curing Fuel Electricity Barn Unit
Flow Time Costs Cost Costs Total Costs
m3/min—Kg Hr $/Cure $/Cure $/Cure $/Cure $/Kg
.0186 211 167 19 350 536 .4036
0248 152 34 329 515 .3878
.0312 138 54 300 492 .3705
.03872 162 128 78 284 490 .3690
.0434 154 118 i 11 277 506 .3810
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If uniform harvesting is assumed then curing barn capacity
times the number of curing cycles per season must be at least
as large as the crop weight allocated to each barn. One common
mistake in evaluating curing capacity is to over-estimate the
number of curing cycles possible per curing season. When this
happens part of the crop will have to remain in the field past
its optimum ripeness or part will have to be harvested before
optimum ripeness to prevent the harvest from 'getting behind".

In order to determine how much of the crop would have to
be harvested one or two weeks late for a given crop size it is
convenient to break the crop up into equal elements such that
barn capacity and crop size can be expressed as whole numbers.
Table 4 shows a crop size of 130% of barn capacity which has been
divided into 13 elements such that 10 elements will fill a barn
for each of the 5 weekly primings. Element primings scheduled
to the right of the first and second diagnoal lines have been
delayed one and two curing cycles (weeks), respectively.
In the third cure, for example, the first 4 elements are from
the third priming. The last 6 elements have been delayed one week
and are, therefore, from the second priming as indicated by the
number 2. Percentage of material harvested one curing cycle late
is determined by the number of such elements as compared to the
total crop. Table 5 gives the amount of harvest delay for various

crop size/barn capacity ratios.
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Table 4. Schedule of Crop Harvest (Priming Number) With Respect to
Cure Number When the Crop Size is 130% of Barn Capacity
for a 5<Cure Harvest Season.

g;:ﬁent Guee 5
Number i 2 3 4 B 6 7
1 L 2 3 4 15}
2 4 5
3 4 5
4 4 5
5 4 5
6 4 5
7 4 (5}
8
9
10
11
12
138 i 2 3
Harvest delayed one Harvest delayed two
curing cycle curing cycles

Amount of crop delayed 1 curing cycle = 36 elements/65 elements = 55%

Amount of crop delayed 2 curing cycles = 7 elements/65 elements = 11%




A series of harvest schedule experiments (Suggs, 1977 and recent
unpublished results) revealed that crop value decreased at an increasing
rate as harvest is delayed, Figure 1. This suggests that some degree
of barn overload could be tolerated corresponding to the period of
slow decrease in crop value with respect to harvest delay. For
larger delays, where crop value decreases more rapidly, the cost
of additional barn space is more likely to be less than the decrease
in crop value.

In order to analyze the trade off between crop size and curing
system size:barn capacity of 1328 Kg (2927 1lb) per cure and an annual
barn cost of $1262 are taken from the middle line of Table 1. The
normal no delay schedule was five primings spaced one week apart.

Per cure reduction in crop value with harvest deléy are taken from
Fig. 1. The appropriate value for Table 5 is found by multiplying
the reduction in crop value by the percentage of the crop delayed
by the size of the crop affected. Annual cost for barn space to
eliminate the harvest delay is found by multiplying the annual
cost for a barn ($1262) by the proportion of the barn required.

For example, in order to prevent any two week harvest delay
in an operation where crop size/barn capacity was 130%, one would
need to add barn space until the crop size/barn capacity was 120%
at which time maximum harvest delay would be only one week. This
would require a total barn space of 130/120 = 1.083 or an additional
8.3% barn space. The values in Table 5 are based on one curing

barn and yields of 2353 Kg/ha (2100 1b/A).
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Annual barn cost, Table 5, are greater than crop value reductions
for all of the one week harvest delays and for the two week delays
associated with the crop size/barn capacity values of 130 and 140%.
For two-week delays affecting larger parts of the crop andlgil three-
week delays the crop loss is greater than the barn costs. The table
seems to indicate that whlle 2 weeks—ef harvest can be tolerated
for a 130% or 140% crop size/barn capacity operation it can not be
tolerated for the 150% or 160% barn loading factor. However, it
should be pointed out that addition of enough barn space to just
eliminate the 3 week harvest delay will reduce the barn loading
factor to 140% so that the operation can then be considered as a
140% loading factor crop. From Table 5 it can be seen generally
that additional barn space costs approach harvest delay losses at
about 140% of barn capacity. In order to allow for conditions
which would ;ccelerate harvest or increase curing time it might
be realistic to select a smaller loading factor.

Because barns are not available in very small sizes, it is
easier to balance crop size against barn capacity when the operation
involves several barns. While the author does not have data, it
appears that many farmers are increasing barn utilization by ex-
tending the harvest season from one to two weeks.

Barn costs are one of the largest expenses in tobacco
production. The curing season, and therefore barn usage, can be
extended by selecting variety, soil type and fertility level as

previously discussed. The season can also be extended by starting
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Annual barn cost, Table 5, are greater than crop value reductions
for all of the one week harvest delays and for the two week delays
associated with the crop size/barn capacity values of 130 and 140%.
For two-week delays affecting larger parts of the crop and(gil three=
week delays, the crop loss is greater than the barn costs. The table
seems to indicate that whife'2 ;eéks;ef harvesthaA%be tolerated
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should be pointed out that addition of enough barn space to just
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140% loading factor crop. From Table 5 it can be seen generally
that additional barn space costs approach harvest delay losses at
about 140% of barn capacity. In order to allow for conditions
which would ;ccelerate harvest or increase curing time it might
be realistic to select a smaller loading factor.

Because barns are not available in very small sizes, it is
easier to balance crop size against barn capacity when the operation
involves several barns. While the author does not have data, it
appears that many farmers are increasing barn utilization by ex-
tending the harvest season from one to two weeks.

Barn costs are one of the largest expenses in tobacco
production. The curing season, and therefore barn usage, can be

extended by selecting variety, soil type and fertility level as

previously discussed. The season can also be extended by starting
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the harvest before the optimum time.:/%igﬁre 1 showg how crop value
varies with harvest schedule both before as well as after the
optimum harvest time. Preoptimum harvesting was not considered in
the analysis tabulated in Table 5.because of the rapid decrease in
value. However, it was found in the course of the experimentalQ:
work that the maximum crop value shown in Figure 1 occurred about
one week before the "optimum" visual or subjective ripeness.
If this result is dependable and not restricted to the 5 years of
data summarized in Figure 1 some increase in on-farm curing barn
utilization is possible.

Use of more frequent light harvest or less frequent heavy
harvest has little affect on the problem as the thyouvhput of
the barn is not changed and the proportipn of the crop subject to

harvest delay would not be changed.

Alternative Formal Analysis

The previous analysis approaches optimum curing capacity
intuitively, making allowances for the batch operation feature of
the curing barns. A more formal approach to optimization is pro-

vided by Hunt (1973) in the following equation:

KVw, *
C = 5 (L + b ) (1)
where C = curing capacity, Kg/hr

w = size of crop, Kg
P = curing barn costs, $ per ¥3/ha
L = labor costs, $/hr

K = timeliness loss factor, fraction of crop
value/day
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V =.crop price, $/Kg
H =A\hours of use per day
X = 4 if operation caﬁ be performed both before
and after optimum, 2 if operation limited
to pre or post optimum.
Tobacco curing barns, unlike grain dryers are not available in
a large range of sizes. Curing capacity is increased by adding
one or more of the '"standard" size units. Barn capacity varies
somewhat but a value of about 1328 Kg (2927 1lb) per cure is a good
average. Barn cost from Table 1 is $8415 and the curingvcycle is six
days plus one to.unload and refill for a total of seven days. Barn
curing rate is 1328 Kg/<7 days x 24 h.z‘/.da_y) = 7.9 Kg/hr-gﬁ‘so that the
unit cost is $8415/7.9 Kg/hr = $1065/Kg/hfi, of capacity.

Annual fixed costs, assuming 20 year life, }O% interest, 2% for

= N S 2 s §

taxes and insurance and a salvage value of A0% are: ) - scusce

1175 (.gP) + .1(.1P) + .02P = hessp

where .1175 is the cost recovery factor,
the second term is the interest on the salvage
value of the'AAChine and the last term is the
cost of taxes and insurance.

Labor for supervising curing for a 25,000 Kg crop would amount
to about two hours per day or about $.35 per hour of barn operation.
Crop value for 1978 averaged about $2.98/Kg ($1.35/1b) or, for a yield

of 2353 Kg/ha (2100 1b/A), about $7005/ha. The timeliness factor,

from the $/ha value in Figure 1 is $7250-$6906/21 days = $16.38/day-ha,

$16.38/day-ha _
$7005/na = .002334/day.
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Since barn cost was calculated on the basis of a seven day
use cycle the hours of operation will be 24 hours per day rather
than pforating on the basis of six days of operation and one day
to unload and refill. A value of X = 2 is assumed since none of
the harvest was preoptimum.

Substituting these values into equation 1 for a crop size,

w, of 25,000 Kg one has

¢ 25,000 (.35 + .002334 x 2.98 x 25,000 #e‘y
~\] .13575 x 1065 " ° 24 x 2
(3
.28 27

C = 26.21 Kg/hr, 26.21 Kg/hr/7.9 Kg/hr/barn = 3.3 barns

The time required to cure the crop would be 25,000 Kg/26}2i Kg/hr
qus 395 v

or 954 hr = 40 days = 5.Y weeks. This is seen to be equivalent
to a crop size/barn capacity of about 115% which is smaller than
shown to be optimum by the analyses in Table 5.

For tobacco harvesting, and probably for most crops, K has
a larger value away from the optimum than near it. Large value$
of K indicate that crop value changes rapidly with time and when
substituted into equation; yield higher optimum equipment
capacities which in turn are associated with the capability of

£~ }w/

harvesting the crop rapidly. Since K -varies—depending on the
width of the interval over which it is evaluated, the harvest
duration given by the equation should be compared to the interval
over which K was evaluated. If they differ appreciably, K should

be reevaluated over a different interval and substituted back into

the optimization equation until the harvest interval and the
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evaluation interval are similar.

In the above example K was evaluated over a 3 week harvest
delay while the solution gave a curing system capacity large
enough to cure the crop with no more than 1 week delay.
Reevaluation of K for a 1.5 week period from Figure 1 gives a
value of .0016797. Substitution of this value in the optimiza-
tion equation instead of the previous value gives a barn
capacity of 22.6 Kg/hr for a curing season of 6.58 weeks.
This is a barn loading factor of just over 130% or only slightly
smaller than the 140% suggested by Table 5. Maximum harvest
delay would be 1% weeks which is the interval over which K was
evaluated.

Let us now determine the response of the model to the addition
of preoptimum harvesting, that is let X take on a value of 4.
In order to do this it is necessary to evaluate K,the crop loss
factog,in the preoptimum range. A weighted average over the range -
1 week to + 1% weeks gives a value of .06311 for K. Changing
K and X in equation 1 to the above values, the optimum barn
capacity becomes 21.86 Kg/hr for a harvest season of 6.81 weeks .
This is only slightly larger than the 6,58 weeks found without
preoptimum harvesting. Thus it is apparent that crop loss with
preoptimum harvest is so large that the model essentially rejects
preoptimum harvesting.

Again, it should be mentioned that actual optimum harvest time
may occur before the visual or accepted optimum time. In fact,
Canadian growers because of frost hazard do successfully harvest

at an earlier stage of ripeness than commonly practiced in the U.S.




Table 5. Relationships Between Crop Size,; Curing Capacity, Harvest Delay-Crop Value and Curing
Barn Costs.
Crop Crop Size Number of Cures or Amount of Delayed Harvest Annual Costs for Barns
Size Barn Capacity Weeks in Harvest _ and Reduction in Crop Value to Eliminate Harvest Tolay $
Season 1 Week 2 Weeks 3 Weeks 1 Week 2 Weeks 3 Weeks

Kg/Barn %

6640 100 5 0 (o} 0 0 0 (¢}

7304 110 5.5 25% 0 (] 126 0 (o}
$54

7968 120 6 50% 0 (o} 252 (o} (o}
$116 :

8632 130 6.5 55% _11% 0 274 105 (¢}
$140 $72

9296 140 7 49% 26% (o} 294 210 0
$134 $183

9960 150 75 40% 33% 7% 316 225 90
$117 $249 $102

10624 160 8 32% 32% 18% 336 241 180
$100 $257 $279

8T
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ABSTRACT

Mechanical Harvesting of Flue-Cured Tobacco Part 10:
Optimization of Curing Capacity and Bulk Barn Parameters

C.W. Suggs
N.C. State University
Raleigh, N.C.

Curing container height and air flow volume through the tobacco can
be controlled by the selection of equipment and certain operational choices.
These choices affect barn investment and operational costs, curing time and
barn throughput. A curing system with boxes 1.52 m (5') was found to be
cheaper in terms of investment and operating costs per kilogram of tobacco
cured than systems using 1.22 m (4') or 1.83 m (6') boxes. An intermediate
air flow of .0312 ma/min—Kg (.5 cfm/1b) of green tobacco was optimum as higher
air flows used excessive amounts of electric power to drive the fan and
lower air flows reduced barn throughput. One of the important findings
was that barn ownership costs were $30 to $36 per day of the curing season
and represent one of the largest costs of tobacco production.

An analysis was run to determine the most economical trade-off between
barn costs and loss in crop value with delayedvharvest and curing. The
effect of harvest delay on crop value was evaluated over a period of
several years. The results of both an intuitive and a formal analysis
indicated that harvest delays of 1 to 2 weeks,instead of a normal 5
week curing season, maximized crop income by reducing curing barn

requirements more than they reduced crop value.

February 27, 1979




Mechanical Harvesting of Flue-Cured Tobacco:

)

Part 10. Optimization of Curing Capacity and Bulk Barn Parameters=
C.W. Suggs

Bulk curing of flue-cured tobacco was introduced about 1960 and
has shown a steady, but not uniform, growth in farmer adoption since
its introduction. At the present time (1978) approximately 58% of
the North Carolina flue-cured crop is bulk cured (Watkins, 1978).
Other states appear to be using bulk curing on similar percentages
of their crops so the U.S. average is probably close to the North
Carolina value.

There has been considerable interaction between bulk curing and
mechanical harvesting as bulk curing is a necessary companion to suc-
cessful mechanical harvesting. About two thirds of the bulk cured
leaf is also mechanically harvested. Because of the labor required
to fill bulk curing racks the author and his assotiates developed a
system (Suggs, 1977) which allows machine filling oféi?ni??nfrs in

el

which the leaf can be cured. Those containers hold 400 Kg to 1000 Kg

gy

depending on the size of the different manufacturers' models.
Because of limited experience with bulk container curing, growers
and manufacturers may not have the information needed to optimize

curing system parameters and capacity and properly interface them

i/Paper No. of the Journal Series of the North Carolina Agri-

cultural Research Sefvice, Raleigh, N.C. The use of trade names

in this publication does not imply endorsement by the North Carolina
Agricultural Research Service of the products named, nor criticism
of similar ones not mentioned.




with a harvesting system. The purpose of this paper is to present
data and analyses from which parameter optimization decisions can
be made and to present and demonstrate a procedure for determining

optimum curing capacity or number of barns for a given size crop.

Curing Container Height

The curing capacity of a bulk barn depends,among other things,
on the height of the container. In the following analysis it is
assumed that no barn structural changes are required to accommodate
higher containers. The analysis considers the larger fan and motor
required, the extra heat and electricity requirements and the cost
to make containers taller. Container sizes analyzed were .91 m x
1.37 m x 1.22 my, 1.52 m and 1.83 m high (3' x 4%' x 4, 5 or 6').
Loading density was 208 Kg/m3 (13 lb/fta) and air flow was constant

with respect to initial weight at .03l ma/min-Kg (.5 cfm/min) .

P

Air leakage aroundt?he container and seepage out of the barn was
B4 2

taken at 40% for the lowest container height (pressure) (Cundiff and
e

Sumner, 1977) and calculated for the other two heights on the

basis that there was no change in the leakage area. Reference air

pressures were taken from experience and dependent air pressures

were calculated. An increase in pressure was needed to force the

air through the taller boxes. Additional pressure was also required

to provide the higher flow rates needed by the extra tobacco in the

higher boxes.

Barn costs including containers were calculated on the basis of

$8000 initial cost, 10% interest, 20 year life for a cost recovery factor

-?
1 0K, LCV?'A'j' Ziﬁf~ At




of .1175, 20% salvage value and 3.6% of initial costs for repairs,

taxes and insurance. Curing fuel costs used in the analyses were

$104 per metric tonl/ ($94/ton) for the smallest container. For the

two larger containers fuel costs were prorated on the basis of barn

?‘/ ,ﬁwu7.? air flow. Cured weight was determined from the author's data as 16.7%

0' “lll[v.jf ! of the input green weight of 208 Kg/m3 (13 lb/fts). Costs for boxes

not commercially available were determined by dividing the $125 cost

of a 1.22 m (4') box into $30 for the bottom, $20 for the top and

$0.74 cm ($18.75 per foot) of height. Thus the 1.52 m (5') box

cost $18.75 more than the 1.22 m (4') box. Larger boxes increase

the total barn cost above the $8000 value given above. The:barn holds

20 boxes and five cures can be completed in a normal season. A fan

}Jz;’ efficiency of 55% and a motor efficiency of 75% were used in calcu-
i ot B
;& }‘(D}C< lating fan power requirements: Kw = o 22;; ; ir;ziuzzf(mm)'

An electrical power cost of 5¢/Kwh was used in the analyses and
cure length was 6 days (144 hrs). Fan and motor initial costs

were estimated from manufacturers' catalogs.

Results

Unit costs, Table 1, reflecting barn costs, electrical cost and
fuel costs, were lowest for the 1.52 m box, $.326§/Kg. For the
—
shorter box ($.3454/Kg) the decrease in capital and operating costs

D

did not compensate for the decrease in capacity. For the higher box

($.3272/Kg) the increase in curing capacity did not compensate for

N AA
/e the rapid increase in electrical requirements of the larger fane.

1/

='Watkins, R.W. Private communication.




Because air pressure decreases as the tobacco wilts and dries
during the cure there may be some small error in calculating elec-
trical costs on the basis of the initial air flow and pressure.
However, this decrease in pressure (and increase in flow) would affect
all container heights similarly so that the final comparative results
would change very little. There is some increase in leakage with
the higher boxes because flow resistance of the box incregses with
height and forces more air through the leakage openings.

Curing time was assumed equal for all box heights on the basis
of the fact that box air flow was constant with respect to green
weight. This means that for the taller containers the air velocity
is greater. Higher air velocities often tend to dry the tobacco
before yellowing is complete where the air first contacts it. This
problem is more prevalent with dry weather crops or in barns which are
not properly sealed. Slow drying and poor quality cures in the mid *#

to upper part of taller boxes have also been experienced.

Air Flow

Insufficient air flow is one of the most critical problems in
container bulk curing. While adequate air flow is essential to
good cured leaf quality, excess air flow wastes fan power, increases
exfiltration and is likely to prematurely dry the leaf.

In Table 2 the effects of air flow from .0186 to .0434 m3/min-Kg
of green leaf (.3 to .7 c¢fm/1b) through 1.52 m (5') high containers

———

loaded to a density of 208 Kg/ma, (13 lb/fta) holding 398 Kg of green




tobacco, is analyzed. An average cured weight yield, from the author's
data, of 16.67% gives 1327 Kg as the cured capacity of a 20 box barn
or 6638 Kg per 5 cure season. The 1.52 m box of Table 1 is taken

as a reference for Table 2 and appears as the middle line of that
table.

The author's experience indicates that yellowing can be accomplished
with low air flow but that drying is delayed if flow is not adequate.
Yellowing time averages about 60 hours and drying time for the inter-
mediate or reference air flow was 84 hrs for a total curing time of
144 hours (6 days). For higher or lower air flows the drying time
was proportionally shorter or longer, respectively so that drying
air volume for the total cure was constant for all flow rates.

Barn costs were almost constant, reflecting only the costs of larger
fans and motors for the higher air flows. Annual barn costs were
calculated as in the previous example based on container height.
Barn costs per cure were prorated on the basis of a normal curing
season of 5 cures times 7 days per cure (6 days curihg plus 1 day
reloading). Thus a barn load which cures out in 144 hours is
charged with lﬂégiagﬁ x barn annual costs.

Unit costs were lowest, $.3269/Kg, for the middle flow rate,
Table 2. Costs did not increase as rapidly with higher flow rates,
$.3373/Kg, as they did for lower flow rates, $.3690/Kg, giving

another indication that barn ownership costs are the largest single

item in curing costs.
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In Table 2 the fuel cost was considered to be constant at $104<; LL/
per metric ton because the same amount of water had to be removed
regardless of flow rate. Electricity costs were based on the
curing times shown. However, because of heat loss through the
structure and exfiltration of heated air, fuel consumption tends
to increase with curing time. Cundiff and Sumner (1977) reported
that 39% of the heat energy escaped from the barn during normal
length cures.
The author's data from 1977 and 1978 relating flow to curing
time and fuel consumption, are used in Table 3, and provide a
better basis for calculating unit costs. Although, other condi-
tions are the same as in Table 2, barn and electricity costs are
different because curing time has changed. This table shows a
significant increase in fuel costs with decreased air flow.
With this refinement in the analysis the lowest per unit cost

falls next to the highest flow rate.
Crop Size - Barn Space Optimization

Intuitive Analysis

Historically, priming intervals have been one week each.
Also,the curing cycle has been one week so that successive
primings from a field can be placed as successive cures in a
single barn. When priming intervals are not equal to curing cycle
time and, in fact, when priming intervals may vary significantly
during the season the analysis of curing barn requirements is

complicated.
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Table 2. Effect of Flow Rate on Preésur‘e, Fan &ower, Curing Time, Fuel,
Electricity, Barn and Unit Costs. L/,

N 7 Unit Box Box Duct Total Bypass 20 Box
Cdm ,,": \;/.ﬁ)”( / Flow Flow Pressure Loss Fan Pressure and Seepage Barn Flow
{J o 3 3 3

m~/min-Kg m"/min mm mm mm % m”/min
.0186 7.4 741 10.2 17.3 43 261
.0248 9.9 12.7 12.7 25.4 43 349

/)0 —>0812 12.4 19.8 152 35.0 43 435
.0372 14.9 28.4 17.8 46 .2 43 523
.0434 17.4 38.9 20.3 59.2 43 611

Table 2. (Cont'd:

/ [ 3 Total\*. Initial Annual
f/ | &% Unit Fan ;| o Drying / Curing Barn Barn
‘\ A1 Flow Power Time Time Costs Costs (a)
m3/min—Kg KW Hr Hr $ $
.0186 1.8 140 200 8350 1252
.0248 3.5 105 165 8375 1256
+0312 6.1 84 144 8415 1262
.0372 9.6 70 130 8560 1284
.0434 14.4 60 120 8700 1305
Table 2. Cont!d:
N%%]/ Unit }3?;25 Elect. Cost gu;io?::xs« Total Unit
\‘C FZZ/? Flow Per Cure (a) @ 5¢/Kwh (a) Metric Ton (b) Cost Cost
\\/ \ m3/min—Kg $/Cure $/Cure $/Cure $/Cure $/Kg Jé{
.0186 334 18 138 490 .3690
.0248 283 29 138 450 .3389
.0312 252 44 138 434 3269
.0872 235 62 138 435 .3276
.0434 224 86 138 448 +8873

(a) Assumes that 5 standard cures (6 days curing + 1 day reloading) can be made
during the year and that barn is not otherwise used. Add 24 hours to total
curing time to get hours per curing cycle.

(b) Annual cured weight of 1328 Kg taken from Table 1.




Table 3., Effect of Flow Rate on Curing Time, Fuel, Electricity, Barn
and Total Costs. Fuel Consumption and Curing Time from
Observations.
Unit Curing Fuel Electricity Barn Unit
Flow Time Costs Cost Costs Total Costs
m3/min-Kg Hr $/Cure $/Cure $/Cure $/Cure $/Kg
.0186 211 167 19 350 536 .4036
.0248 196 152 34 329 515 .3878
.0312 176 138 54 300 492 .3705
.0372 162 128 78 284 490 .3690
.0434 154 118 111 277 506 .3810
1
\
/ (L. > 2 F
‘,(’« zl’é\ le e At / ; G/
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If uniform harvesting is assumed then curing barn capacity
times the number of curing cycles per season must be at least
as large as the crop weight allocated to each barn. One common
mistake in evaluating curing capacity is to over-estimate the
number of curing cycles possible per curing season. When this
happens part of the crop will have to remain in the field past
its optimum ripeness or part will have to be harvested before
optimum ripeness to prevent the harvest from '"getting behind".

In order to determine how much of the crop would have to
be harvested one or two weeks late for a given crop size it is
convenient to break the crop up into equal elements such that
barn capacity and crop size can be expressed as whole numbers.
Table 4 shows a crop size of 130% of barn capacity which has been
divided into 13 elements such that 10 elements will fill a barn
for each of the 5 weekly primings. Element primings scheduled
to the right of the first and second diagnoal lines have been
delayed one and two curing cycles (weeks), respectively.
In the third cure, for example, the first 4 elements are from
the third priming. The last 6 elements have been delayed one week
and are, therefore, from the second priming as indicated by the
number 2. Percentage of material harvested one curing cycle late
is determined by the number of such elements as compared to the
total crop. Table 5 gives the amount of harvest delay for various

crop size/barn capacity ratios.
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Table 4. Schedule of Crop Harvest (Priming Number) With Respect to
Cure Number When the Crop Size is 130% of Barn Capacity
for a 5 Cure Harvest Season.

gi:ﬁent Go it
Number ¢ 1 2 3 4 5 6 7
il 1 2 3 4 5
2 4 &
3 4 5
4 4 5,
5 4 5]
6 4 {5}
7 4 5|
8
9
10
Il
12
13 i 2 3
Harvest delayed one Harvest delayed two
curing cycle curing cycles

Amount of crop delayed 1 curing cycle = 36 elements/65 elements = 55%

Amount of crop delayed 2 curing cycles = 7 elements/65 elements = 11%




A series of harvest schedule experiments (Suggs, 1977 and recent
unpublished results) revealed that crop value decreased at an increasing
rate as harvest is delayed, Figure 1. This suggests that some degree
of barn overload could be tolerated corresponding to the period of
slow decrease in crop value with respect to harvest delay. For
larger delays, where crop value decreases more rapidly, the cost
of additional barn space is more likely to be less than the decrease
in crop value.

In order to analyze the trade off between crop size and curing
system size,barn capacity of 1328 Kg (2927 1b) per éﬁre‘and an annual
barn cost of $1262 are taken from the middle line of Table 1. The
normal no delay schedule was five primings spaced one week apart.

Per cure reduction in crop value with harvest del;y are taken from
Fig. 1. The appropriate value for Table 5 is found by multiplying
the reduction in crop value by the percentage of the crop delayed
by the size of the crop affected. Annual cost for barn space to
eliminate the harvest delay is found by multiplying the annual
cost for a barn ($1262) by the proportion of the barn required.

For example, in order to prevent any two week harvest delay
in an operation where crop size/barn capacity was 130%, one would
need to add barn space until the crop size/barn capacity was 120%
at which time maximum harvest delay would be only one week. This
would require a total barn space of 130/120 = 1.083 or an additional
8.3% barn space. The values in Table 5 are based on one curing

barn and yields of 2353 Kg/ha (2100 1b/A).
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Annual barn cost, Table 5, are greater than crop value reductions
for all of the one week harvest delays and for the two week delays
associated with the crop size/barn capacity values of 130 and 140%.
For two week delays affecting larger parts of the crop and all three
week delays the crop loss is greater than the barn costs. The table
seems to indicate that while 2 weeks of harvest can be tolerated
for a 130% or 140% crop size/barn capacity operation it can not be
tolerated for the 150% or 160% barn loading factor. However, it
should be pointed out that addition of enough barn space to just
eliminate the 3 week harvest delay will reduce the barn loading
factor to 140% so that the operation can then be considered as a
140% loading factor crop. From Table 5 it can be seen generally
that additional barn space costs approach harvest delay losses at
about 140% of barn capacity. In order to allow for conditions
which would ;ccelerate harvest or increase curing time it might
be realistic to select a smaller loading factor.

Because barns are not available in very small sizes, it is
easier to balance crop size against barn capacity when the operation
involves several barns. While the author does not have data, it
appears that many farmers are increasing barn utilization by ex-
tending the harvest season from one to two weeks.

Barn costs are one of the largest expenses in tobacco
production. The curing season, and therefore barn usage, can be
extended by selecting variety, soil type and fertility level as

previously discussed. The season can also be extended by starting
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the harvest before the optimum time. Figure 1 shows how crop value
varies with harvest schedule both before as well as after the
optimum harvest time. Preoptimum harvesting was not considered in
the analysis tabulated in Table 5”because of the rapid decrease in
value. However, it was found in the course of the experimental
work that the maximum crop value shown in Figure 1 occurred about
one week before the '"optimum'" visual or subjective ripeness.
If this result is dependable and not restricted to the 5 years of
data summarized in Figure 1 some increase in on-farm curing barn
utilization is possible.

Use of more frequent light harvest or less freguent heavy
harvest has little affect on the problem as the throuxhput of
the barn is not changed and the proportipon of the crop subject to
harvest delay would not be changed.

Alternative Formal Analysis

The previous analysis approaches optimum curing capacity
intuitively, making allowances for the batch operation feature of
the curing barns. A more formal approach to optimization is pro-

vided by Hunt (1973) in the following equation:

KVw
¢ = \Fp (L + 7 ) (1)
where C = curing capacity, Kg/hr

w = size of crop, Kg
P = curing barn costs, $ per ¥Kz/ha
L = labor costs, $/hr

K = timeliness loss factor, fraction of crop
value/day
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V =.crop price, $/Kg
H =\hours of use per day
X = 4 if operation can be performed both before
and after optimum, 2 if operation limited
to pre or post optimum.
Tobacco curing barns, unlike grain dryers are not available in
a large range of sizes. Curing capacity is increased by adding
one or more of the '"standard" size units. Barn capacity varies
somewhat but a value of about 1328 Kg (2927 1b) per cure is a good
average. Barn cost from Table 1 is $8415 and the curing cycle is six
days plus one to.unload and refill for a totgl of seven days. Barn
curing rate is 1328 Kg/7 days x 24 hr/day = 7.9 Kg/thgééé so that the
unit cost is $8415/7.9 Kg/hr = $1065/Kg/h§ of capacity.
Annual fixed costs, assuming 20 year life, 10% interest, 2% for

£
taxes and insurance and a salvage value of‘{§9 are:
\

L1175 (.9P) + .1(.1P) + .02P = .13575P

where .1175 |is the cost recovery factorgie—+ c:«gﬂJ Lo [

A a 2Cya, ke

“the second term is the interest on the salvage
value of the machine and the last term is the
cost of taxes and insurance.
Labor for supervising curing for a 25,000 Kg crop would amount
to about two hours per day or about $.35 per hour of barn operation.
Crop value for 1978 averaged about $2.98/Kg ($1.35/1b) or, for a yield

(F/A)
of 2353 Kg/ha (2100 1b/A), about $7005/ha.JNThe timeliness factor,

from the $/ha value in Figure 1 is $7250-$6906/21 days = $16.38/day-ha,

5 £ ~
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Since barn cost was calculated on the basis of a seven day
use cycle the hours of operation will be 24 hours per day rather
than pﬁorating on the basis of six days of operation and one day
to unload and refill. A value of X = 2 is assumed since none of
the harvest was preoptimum.

Substituting these values into equation 1 for a crop size,

w, of 25,000 Kg one has

o) 25,000 (.35 + .002334 x 2.98 x 25,000
“\J] :13575 x 1065 " ° 24 x 2

C = 26.21 Kg/hr, 26.21 Kg/hr/7.9 Kg/hr/barn = 3.3 barns

The time required to cure thé crop would be 25,000 Kg/26.21 Kg/hr
or 954 hr = 40 days = 5.7 weeks. This is seen to be equivalent
to a crop size/barn capacity of about 115% which is smaller than
shown to be optimum by the analyses in Table 5.

For tobacco harvesting, and probably for most crops, K has
a larger value away from the optimum than near it. Large values
of K indicate that crop value changes rapidly with time and when
substituted into equation # yield higher optimum eqqipment
capacities which in turn are associated with the capability of
harvesting the crop rapidly. Since K varies depending on the
width of the interval over which it is evaluated, the harvesg
duration given by the equation should be compared to the intervél
over which K was evaluated. If they differ appreciably, K should
be reevaluated over a different interval and substituted back into

the optimization equation until the harvest interval and the
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evaluation interval are similar.

In the above example K was evaluated over a 3 week harvest
delay while the solution gave a curing system capacity large
enough to cure the crop with no more than 1 week delay.
Reevaluation of K for a 1.5 week pericd from Figure 1 gives a
value of .0016797. Substitution of this value in the optimiza-
tion equation instead of the previous value gives a barn
capacity of 22.6 Kg/hr for a curing season of 6.58 weeks.
This is a barn loading factor of just over 130% or only slightly
smaller than the 140% suggested by Table 5. Maximum harvest
delay would be 1% weeks which is the interval over which K was
evaluated.

Let us now determine the response of the model to the addition
of preoptimum harvesting, that is let X take on a value of 4.
In order to do this it is necessary to evaluate K,the crop loss
factor in the preoptimum range. A weighted average over the range -
1 week to + 1)% weeks gives a value of .06311 for K. Changing
K and X in equation 1 to the above values, the optimum barn
capacity becomes 21.86 Kg/hr for a harvest season of 6.8l weeks.
This is only slightly larger than the 6.58 weeks found without
preoptimum harvesting. Thus it is apparent that crop loss with
preoptimum harvest is sorlarge that the model essentially rejects
preoptimum harvesting.

Again, it should be mentioned that actual optimum harvest time
may occur before the visual or accepted optimum time. In fact,
Canadian growers because of frost hazard do successfully harvest

at an earlier stage of ripeness than commonly practiced in the U.S.
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of 4.49 weeks. These values are realistic for once over harvesting but
are smalL/f r the normel 4 or 5 priming multipass harvest as the crop
7/

normglly ripens over a period of about 5 weeks. In fact, with enough

\

curing capacity\ko handle the crop in 4 % to 5 % weeks there would likely
be timegwhen barns would be empty because ripe tobacco was not available.

The use of this equation and the results therefrom suffer some
problems if interpreted to mean the per priming schedule. When the
crop is harvested several times the first primings would be harvested
nearly on schedule. Later primings would suffer progressively more
delay.

The curve in figure __ is based on the deviation of each priming
from optimum harvest schedule. For example, for the point one week pgst
optimum, each priming was removed one week after optimum ripeness. If
we plot the change in crop value with harvest time for each priming
and sum we should get some flattening of the value versus time curve

e
in the vicinity of the optimum as some primings would increasing in




Vatue-whereas—others-would be-decreasing. By thig process we get a value
5f K= 008 from which we get a capacity-of 23.48 kg/hr for a curiige..
season of 1065 hrs-or 6.34 weeks.  This-is-inagreément with-table«&.

Jrf )( is allowed to go to 4 indicating that the crop can be har-

bot? S LG (epiden o W

vested equally-successfully pre-and post-optimum then ‘€-is—equal-to ]
p Z k v L

2y W :({ a C/\/o}_v (o5 / >z T/' Y K oV 7~e.

20467 kg/hx the-harvest 8eason rs-1209~hrs—=-7720~weeks~tong. While

it is not traditional for U.S. growers to exercise very much pre-

optimum harvesting, Canadian growers dé successfully harvest at an

earlier stage of ripeness because of frost hazards later in the season.
Although the harvest season is six to seven weeks long no primings

would have to be made more than about one week from optimum ripeness

because the crop normally ripens over a five week period. Because

the formula restricts the harvest to near the optimum ripeness it is

appropriate to evaluate K in the vicinity of the optimum.

For K = .00138 evalued over the interval one week each side of
optimum, C = 16.84 Kg/hr, or the harvest season is 1484 hours or 8.83

weeks long.
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RATE OF ADOPTIORN!

By CHARLES W. SUGGS’

Eccnomic anziysss utilizing machine costs and labor reductions
give n zcreagss of 16 to 50 acres depending on the
23sum s concaming labor wage rates, machine expenses and
the amount of lzoor saved. Since flue-cured tobacco allotments
averags only thres acrss each, considarable redistribution of acre-
2ges will b2 requirsd if mechanization is to become widespread.
Easz and corvenience of operation, reduction of drudgery and the
possibility of expanding the tobacco acreage or adding new enter-
prises as laber r=quiremants and management stress are reduced
zlso affect tha cecisicn to mechanize. Peanut harvesting, mecha-
nized in the t=n ysars between 1956 and 1966, was similar to
fluecured tctacco in the ratio of br 1 age to

of the averaze farming cgeration, the machinery investment per
dollar of creo valus and the percent labor reduction. The invest-
mant per dollar’s worth of labor saved was $11.60 for pean_uts
but anly $7.80 for tobacco. It was concluded tpat mechanical
harvesting and bulk curing are economically feasible. Subject to
such facters 2s machine and barn availability and cost, capital
supply, macl ayolution and allotment fluidity, mechanization
rates similar to those found in peanuts can be expected with as
much 2s 20% of the crops being mechanically harvested by 1975.

One of the primary factors which determines the
adoption of = new production technology is economic
in nature. However, other factors, especially in the

i case of agricultural systems, may be as important or
perhaps more important than costs and returns. For
example, studies of corn pickers revealed that field
s averaged more than 109 and often ran ag high
as 209 or even more (11). Picker-sheller losses have
heen estimated by Burrough and Harbage (2) to be
zbout 137. At the classical Midwest hand picking
rate and the prices in effect at the time corn pickers
were introduced and accepted the crop could have, in
many cases, been hand picked for the value of the
deld losses. When machine costs are added to the
~alue of the field losses, the direct economic incentive
ing becomes very obscure and the
ation must be sought elsewhere.
For example, some factors which may have been im-
ant are labor drudgery, timeliness of operation
and management stress. A more detailed discussion of
= ionzhips by Horne (3) separates the factors
the financial returns of new machinery
h influence operational ease, conven-
v and capacity.
tive of this paper is to examine, analyze
he factors which are expected to affect
izztion of flue-cured tobacco harvesting.

DESCRIPTION OF SYSTEM

karound

cal harvesters for flue-cured tobacco were
in the Biological and Agricultural Engi-

number 4046 in the journal series of the
eriment Station. The use of trade names in
endorsement by the North Carolina Agricul-

products mentioned mor criticism of similar

. Department_of and A
2 State University, Raleigh, N.C. Contribution
. Sei, XVIIL: 30-33, 1974.

P MECHANICAL HARVESTING OF FLUE-CURED
TORACCO. PART 5. FACTORS AFFECTING

neering Department at North Carolina State Universi-
ty during the 1950’s and early 1960’s. Machines based
on this work first became available commercially in
the 1960’s but were not accepted by farmers, partially
because of marginal machine reliability and per-
formance but primarily because the random Ileaf
(unaligned) output was not acceptable to the market.
Hand alignment of the mechanically harvested leaf
was not feasible because of high labor costs. In the
late 1960’s the University made farm-scale lots of
mechanically harvested random leaf available to the
tobacco trade for their examination, purchase and
evaluation. Buyers found that they could accurately
estimate market value and process random leaf with-
out difficulty and dropped their earlier objection to it.
Warehousemen and government graders concurred in
this action. With this development, several harvesters
were farmer operated in 1971. This increased to ap-
proximately 50 machines in 1972, to about 350 in 1973.
For 1974, the total should increase to approximately
1400 machines.

Machine Operation and Capacity

Mechanical tobacco harvesters are high clearance,
one-row-harvest, two-row-straddle machines capable
of operating at field speeds up to 6 mph. Depending
on ground speed and the number of leaves being re-
moved per stalk, harvest rates may be as high as 6000
1b/hr of uncured leaf. Average season harvesting
rates are somewhat lower because field speeds are
slower when harvesting the lower leaves and because
both upper and lower leaves are usually smaller than
midstalk leaves.

Machine capacity was initially predicted to be
about 5-6 acres per day or about 30-35 acres per week.
Weekly capacity was also taken to be the yearly ca-
pacity as a field is reharvested at approximately
weekly intervals throughout the harvest season in-
stead of in a once-over operation. Estimates of ma-
chine capacity were conservative and examples of
farmers harvesting 60 acres with one machine are now
available.

Mechanical harvesters are best used with bulk
barns because of the random leaf output of two of the
three machine brands available. It has been demon-
strated both experimentally and on-farm that random
leaf can be bulk cured without degradation of quality

(7).

ECONOMIC ANALYSES

Previous Economic Reports

Several analyses have been made comparing hand
harvesting of flue-cured tobacco with mechanical har-
vesting (3,5,1,8). These reports vary somewhat in the
assumption made concerning machine cost, life, oper-

(Tobacco Science 30)




80CH—

" MACHMINE, $1.45 LABOR
£2N0, $1.85 LABOR

eoc—
i
MACHINE, $1.85 LABOR
£ s00-  mo, s185 LAEOR/
2 =
=% MACHINE, $2.37 LABOR
-

Y~

HAND, $2.37 LABOR .

o]
e

NET REVENUE
L

2 Il 1 L L

-420

TS
810 16 20 24 32 40
SIZE OF OPERATION (acres)

Figure 1. ES=cis of wege rate and size of operation on net revenue from-
bond c2d mochise harvested fobacce. (Grise and Gave

==d. wage rate and labor saved. These analy-
vary with respect to the assumptions about
of bulk barns and the condition of existing
. These reports are in general agreement,
nd give breakeven acreages of 16 to 50
zlyses which assumed that the farmer had
e conventional barns and was using a

hat the partial mechanization afforded by
is very efficient.

An znz2lysis by Grise and Gavett (5), shown graph-
ically iz Figure 1, illustrates the effects of size of
znd wage rate on net revenue and the
point of machine versus hand methods.
assumed a change from conventional
hand looping and hand priming to mechan-
ical priming and bulk curing. .

The uze of bulk barns with hand priming affords a
significant amount of profitable mechanization as evi-
denced by the number of bulk barns sold before
mechznical harvesters were adopted. However, be-

the need for the mechanical harvester
an the labor savings indicate. Bulk curing
cal harvesting complement each other to
ent system. Because of this interdependency
considered together in much of the follow-

Mackhinz Life, Costs and Capacity

VI tobacco harvesters have not been commercial-
Iy aw ble long erough for them to wear out, some
estimate of their useful life may be made by studying
other machines. The replacement market for peanut
combirn=s in the U.S. is about 1500 machines per year®
With 2 peanut combine population of about 10,000
machines the average life is 10,000/1500 or about 7

3fokn B

, Hoerington Menujocturing Company, Lewiston, N.C., private
wions.

(Tobacco Science 31)

years. Grain combine life is about the-same g o
combines. These estimates plus an evaluat;-gr: T:;_:
engineering design of tobacco harvesters sugzes
that tobacco harvesters should also have an avers )
useful life of about 7 years. S e
Machines currently sell for about $15,000 and Py
barns sell for aéoout $1000 per acre of capacity. Thas
a 60 acre operation would require a capi ait ¢
$75,000. p,]m kot d

Labor Distribution s

A machine capacity of 60 acres has been dmv
strated. This could be increased by more eficiess
utilization of machine time including the running of
two or more shifts of operating crews. While the ses
of two machines rather than two shifts would reduce
the hazard of crop loss due to machine breakdown the
additional machine cost probably could not be Jus
tified. e ¢

Wage Rates and Labor Savings : TR

As wage rates increase, mechanical harvesting ean
be justified on smaller acreages. Studies generally
indicate that an increase in wage rates from $1.30 per

hour to $2.50 per hour decreases the breakeven asre- :»

age by about 40%.

With mechanical harvesting, bulk curing labar re-
quirements are about 96 hours per acre less than for
hand priming-hand stringing (3). Labor requirements
are only about 61 hours per acre less than for haszd
priming-machine tying and 82 hours less than fer
hand priming-bulk curing.

Size of Operation

If a harvester can be justified only on relatively
large tobacco operations, considerable redistributics
of tobacco acreage will be necessary if widespread
mechanization is to occur. ASCS data for all fioe-
cured belts indicates an average allotment of about
three acres. Only about 1.5% of the allotments equai
or exceed the lower breakeven point of 20 acres. Thus,
it is evident that allotments must be combined iata
larger operating units if widespread mechanical har
vesting is to be realized.

A significant proportion of tobacco allotments are
already being combined into single operating units
Once this was limited to cash rent, tenant and share
crop arrangement. Now poundage lease and transfer
accounts for most allotment combinations. In contrast
to an average allotment size of approximately 3 acres.
operating units average approximately 12 acres.* It i
expected that some custom harvesting will be used 3+
one means of aggregating efficient size units.

Tobacco production is characterized by l:ir:!;
unevenly distributed labor inputs. About 145 hqurs f-
the 246 hour total required per acre comes in i=€
six-week harvest period. Most farmers, therefore, ce
pend on hired labor for harvesting because they v‘:
not have on-farm work for such large amounbj ai
labor the rest of the year. Sometimes laborers are hired
year around in order to insure their availability dur-
ing tobacco harvest. When this is done, harvesf"‘_:
labor cost is usually greater than the nominal ra
times the number of hours worked because workers 2r¢

“Charles Pugh, N.C. State University, private communications.




less productive jobs during the off-
rea:on harvest crews often consist of

:mplox ed in

cation £ ur' other JOba While such crews may work
zn average wage their productivity may fall

is a particularly strenuous task be-
heat stress and the physical stress
ed position. It is difficult to find
and able to work under these condi-

o match the capacity of the barn erew
A field crew under or over-sized
iency. Farmers invest a significant

on, is an important factor in the
of tobacco harvesting.

Machine Evointion

Economic znzalyses, almost of necessity, tend to
freeze a mazchine in time and space, but often allow
evelution o wage scales. This tends to underestimate
the advanizzes of mechanization because machines
usually eve rapidly immediately after their intro-
duction. Such evolution results in increased capacity,
further labor reduction, greater dependability and of-
ten in lzber saving and cost reducing breakthroughs
in related cperations.

Returns ts Management

zcre may not be a suitable criterion of
tion for mechanizing. Farm operators are
he total returns to management. Thus, if
reduces the stress and demands on
so that the size of the operation can be
may be possible to justify mechanization
even when per zere returns are reduced by mechani-
zation. T rezsoning appears to be present among
many fa who are presently considering the pur-
chase of tobzeco harvesters.

the justide
interested

Manufaciuring Capacity

v of industry to manufacture machines
ortant factor affecting the rate of crop
2 Indus:ry is usually hesitant to install

ion of mechanization as machines wear out or
bsolete. Thus, field machines with a life of 10
nezd to be replaced at a yearly rate of
izl number in operation. The same man-
e during the initiation of mechanization
ztely mechanize the crop in 10 years. If
ters are required to mechanize tobacco
2 production rate of 1000 machines per
mechanize harvesting in 10 years and
07 vearly replacement thereafter.
n of stationary equipment like bulk
be expected to progress at a slower rate
© 2 longer life, unless manufacturers are
to install excess production capacity. With an
of 20 years, barnb would need to be
ced at 2 yearly rate of 59 of the total number in
on. Bulk barns were introduced in 1960 and
1965 the yearly increase has been about 60%,
ound znnual rate, Figure 2.
harvesting is growing at a much faster
introduction in 1970, Figure 2. In 1972
annual increase was about T009. The 1973 in-
is expecied to be about the same rate. At the
ssznt growth rates, mechanical harvesting capacity
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Figure 2. Growth of bulk curing and mechanical harvesting of flue-cured
tobacco,

will soon equal bulk barn capacity as can be seen by
extrapolation of the lines in Figure 2. Mechanization
wbuld then be slowed down because bulk barns are
required to handle mechanically harvested tobacco.
However, if the demand for mechanical harvesting is
strong enough it would tend to increase the growth
rate of bulk curing.

Alternative and Additional Enterprises

Perhaps the most important change afforded by
mechanical harvesting is the expansion of the opera-
tor’s tobacco acreage as a result of the increased
acreage which can be managed by one person. This
practice will absorb large acreages of lease tobacco
and will be beneficial to small allotment holders who
prefer other employment to tobacco farming. As off-
farm job opportunities increase, mechanization of to-
bacco harvesting will increage the trend for small
farmers to lease their crops and enter non-farm jobs.

In order to more fully utilize their management
capacity, farm operators who do not expand their
tobacco production as they mechanize may want to
start or increase production of livestock and various
crops which are compatible with tobacco. The possi-
bility of using bulk barns as a drying, curing “or
storage barn for hay, grain, peanuts, potatoes, etc. is
also worthy of consideration. Use of the barns for
other crops would, of course, spread their costs over a
wider income base and increase the profit margin.

Modifications in Tobacco Production Practices

In an effort to further increase the eapacity of
harvesting and curing equipment some farmers are
dividing their crop between plantings designed for
early and late harvesting. They expect to obtain part
of the spread in harvest date from variety, part from
planting date and part from cultural practices, pri-
marily fertilizer levels. While these techniques may
not completely eliminate overlap of the harvesting
schedule with present varieties, plant breeders are
striving to develop varieties with more widely sepa-
rated harvesting dates.

There is also some interest in ripening agents.
These chemicals would allow some manipulation of
ripening date so that harvesting could be better corre-

(Tobacco Science 32)




lated with barn availability. Preliminary work indi-
cates thai yellowing time in the barn would be de-
creasad so that barns could be refilled on a shorter
cyele.

As farmers gain experience with mechanical har-
vesting, various procedures and techniques to optimize
gains from mechanization will likely be developed.
These =zre likely to occur in field layout, ridge
shaping, crop uniformity, weed and sucker control and
materials handling.

Comparison of Tobacco and
Peanui Harvesting Mechanization

Peanat production is similar to tobacco production
in tha: both are controlled by allotments, are regional
in nature, must be cured or dried after harvest and if
unmechanized require large amounts of hand labor
for harvest.

Until the mid 1950’s peanuts were harvested by
hand 2t 2 lzabor investment of approximately 31 hours
per acrz (9). Mechanical harvesters capable of reduc-
ing lzbor requirements by 75% became available in
North Carolina in 1956 and by 1966 90% of the crop
was bsing mechanically harvested, Figure 3. At that
time zpproximately 169,000 acres of peanuts were
grown in North Carolina.

Several factors characteristic of the crop and relat-
ing to mechanization are evaluated in Table 1 along
with comparable values for tobacco and a few values
for grain. When peanut mechanization began the esti-
mated breakeven acreage was about 2.5 times the
averzgs zllotment. In tobacco the breakeven acreage
is about 3.5 times the size of the average operational
unit. Parcent lzbor reductions are about the same for
both crops. The equipment investment per dollar of
annuzl crop value is slightly more for tobacco than it
was for peanuts at the time they were first mecha-
nized in North Carolina, 69¢ versus 57¢. The value for
grain 2t 83¢ may not be applicable since it was not

100
0
80 /
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60 - %
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40 V.
20
20
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7
L~

1856 57 58 59 60 6l
YEAR

Fiqure 3. Mechanization of peaunt horvesting in North Carolina,

-

PERCENT MECHANIZED

62 63 64 65 66

taken 2t the time grain production was being mecha-
nized (10).

Arnnual gross value of the crop harvested per ma-

chine was much higher for tobacco than for peanuts

and higher for peanuts than for wheat. The equipment
cost per dollar of labor saved was $11.60 for peanut

harvesting but only $7.80 for tobacco. Since these
values relate equipment costs to the cost of the labor

(Tobacco Science 33)

Table 1. Factors the i .
Peanut and Tobacco Production PGl
Flue-Cured
Factor Grain*  Mathine b or T
act rain* Machina & d ;
Year 1970 55 rYer Machine & barsy
System Investment, § 16,000av. 14700 1%
Machine capacify, Acres 32 {Rvarage 100 o0
use

Value of crops, $/acre 55 2%0 i
Value of fotal crop harvested  $18,000 $26,000 5108309
Average crop allotmant, A = 1 :

Average size of operation, A 10
Breakeven acreage 2 03
Labor reduction, man hr/A o
Labor saved by machine, hr.

2300
Value of labor saved 1265 (@55¢;
Number of average operations P (e mieamy
needed fo breaskev'n ' Fi o
nvestment per § crop value . .57 i
Labor reduction, % of total 75% %
Investment per § of saved labor $11.60 12

*Values from New Holland Line 28(4) :5-7, winter 1971, **Falnes fur 25
from W. T. Mills and J. W. Dickens, Horvesting and Curing bommets .
Winrow Way, N.C. Agri Exp. Sta. Bulle 05, April, 1938, The perees
system investment includes o $6,000 1%, 10 year anniits to coree ae 1
annual added expense of artificially drying the mechanically haroested wets

saved they are meaningful indices of one of the forces
which drive a farmer toward crop mechaniztion.
Equipment costs for both peanuts and tobacco ism-
cluded harvesters plus driers or curing barns. The
value for peanuts includes an annuity investment '»
cover the added fuel costs of drying mechanicslly
harvested nuts. This was not necessary in the tobaccs
‘data as fuel costs are not affected by mechanizatios.

The number of average size operations required fer
an economic unit, equipment cost per dollar of crep
value and the percent labor reduction are all strikizg-
ly similar for peanuts and tobacco. However, the
equipment cost per dollar value of labor reduction for
tobacco is about 24 as large as the value for peanuts st
the time they were mechanized.

These comparisons suggest that the present impei=
for the mechanization of flue-cured tobacco is greater
than it was for peanuts in 1958. At that time pesazt
harvesting was about 5% mechanized. Eight yeas
later, in 1966, it was 90% mechanized. Tobacca Bar
vesting may be about 3% mechanized by the summes
of 1973. If mechanization in tobacco gains acceptazce
as fast as it did in peanuts flue-cured tobacco couid b=
almost completely mechanized by 1981.

DISCUSSION

Gavett (4), applying tomato and cherry .h:n'm';ﬂ"
adoption rates to flue-cured tobacco, predn:‘t '-:h
tobacco harvesting would be 40% mechanized -:':‘
1975. However, when he applied cotton and potats
harvester adoption rates he predicted that :nb{::.r
harvesting would be only 10% mechanized by 1¥¢5
The present study, using peanut harvester Edo
rates suggests that 20% mechanization b\ 19"- &
be feasible. This would require approximuteiy =7
harvesters, 2 number that is probably within pres<s
manufacturers’ capabilities.

2e gl %

The growth of bulk curing may be mean:.;:;:.=~1f:
predicting the growth of mechanical harv e .
farm bulk curing started in 1960 with one bar s
was followed by a period of very rapid (percs i
growth followed by a period of slow }-'1’0::‘ e
was related to poor market acceptance. SiZ€€ Sl
growth rate percentage has been stable at ?‘?"?;#I_‘:
per year, Figure 2. In 1973 it is expected 183t 2700,
10% of the crop will be bulk cux:_ed. If ...eﬂ; e
growth rate holds, 16% of the 1974 crop am

25% of the 1975 crop would be bulk cured. T e

Figure 2 indicates that at the present &Z0%=
harvester capacity will exceed the capac:t sy abot

barns available for curing the random leat
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7974, Because o
are then

i their interdependencv gxowth rates

ical har\ esting, paralleling each
equilibrium can be attained. It is
out "0’“ of the _crop will be mecham—

oo

between selected so that
barn ¢ znd machine potential would have the

same = terms of percent of the total crop
A Lhnug barn manufacturing capacity is in-

nst be possible to keep up with de-
ximately 10 bulk barns are required per
ezch machine is to operate near capacity.
1 ana of the economics of crop
Zon are usually limited to a consideration
ment investment, repairs, depreci-
surance. Historical evidence sug-
zlyses limited to these factors tend to

the gains derivable from mechaniza-

harvester [

txon. 0] portant factors which add economically
and ot 2 to the desirability and justification of
agriculturs nanization include such things as evo-

1itr and capacity, returns to manage-

ive practices, availability and skill of
cment fluidity and drudgery level of the
labor invoived.

Farmer- zppear to have an intuitive feel for these
additional rs and are able to place value judge-
ments on many of them. They tend to buy, and find
profitable. more equipment than traditional analyies
would jt . Ultimately, mechanization rate is de-

Iuncn'

pendent primarily on the strength of the forces sup-
porting mechanization. One important measure of
this, the equipment investment per dollar value of
labor saved, was $7.80 for tobacco as contrasted to
$11.60 for peanuts at the time they were being
mechanized. This comparison suggests that tobacco
harvesting may be mechanized at least as fast as
peanut harvesting which was virtually completed in

ten years.

References

an: s harvesting dlll1 culmg flue-cured tobacco. N.
I"(t Circular 496, Jan. 19
Burrough, D. . ﬂnd I‘ P Hmb.
pxcker sheller, Ag En gr 4:2
8. Chappell, J. S,
—An economic a.ud
Circular 554 Dec. 19

nd

1 Allgood, J. G., J. 8. Chappell and Boli Davis. Compaxau\e
C. Agri

re. Performance of a corn

Pugh. Alltonm.tlr‘ tobaceo harvesters
is (\\nJ\ ad(l@ndum) N. C. Agri. Ext. Service

4. Gavett, E, E. Potenti:\.l Mechaniztaion in the Flue-Cured
Tobacco Industry. 23rd Tobacco Workers' Conference, College

Park, Md. Jan. 1970,

5. Grise, V. N. and E. E. Gavett. An economic appraisal of
tobacco leaf mechanization—present and prospects for the future.
eors

Paper presented at 2ith Tobacco Wor
tanooga, Tenn. Jan, 1972,

6. Horne, Burton S, The “DIRTI 5 and The T ACTION:

Conference. Chat-

Agricultural Engineering Fact Sheet PM25, 3C0768, Pennsylvania

State Univ. 1968

7. Howell, E. L. and C. W,
flue-cured tobacco. Part 4. Bffe
alignment on market price. Tob. S

2 l\ denﬂty and

< '\[E‘Chmu('d,l harvesting of

leaf

8. May, R. and J. S. Chappell. An cconomic ana.lyels of alterna-
tive systems for haryesting and bulk curing flue-cured tobacco.
heseduh Report 19. Dept. of Economics, N. C. State Univ. Jan.

9, Mll]:. W T and J W, Dml\ens Harvesting and curing
windrow way. N. C. Agri
10. New Holland Line '78(4) 5 (8 “lmer 1971,

the

. Bulletin 405, April 1953

11. Shedd, C. K. A study of mechanual corn pickers. Agri. Engr.

14:123-125, 1933.

Reprinted from Tobacco Science XVIII, pp. 30-34; Tosacco Vol. 176, No. 7, pp. 29-33.

(Tobacco Science 34)




b Th: Pl/‘é— Peive 65,«_4'&‘/4 Miﬁ’/ba. T a Gl bo

|
| b~
/ | ot Sasd HoAF MRS, wowld Ao Atosevakt Tooa k¢ ko . Lot woudl
el Bt g st/ B TR 4 gl |
= " ‘/l !wkoog C@Mz/émr
| Coberer A
B A R S . = Chn
| 10G4.5 (by VEP 07 S VAT " e |
|
4 A = sweko L = 2247 HE - J2UT o "
J 387 A\ ~\'~I
- ) Y )
b él 2 ,4'7[(_%4",:~ ’}""_72 < f-_LOI_-gif,‘ 2%?‘/ T
Ol - e ks < apue <P
S U 17-38
VA‘,\—’\_/\_W\_/_\,/\/V s ————

i WO o el
— — foow HeSume Haot U0 y o asn  dypacse B
_h__m__w?s put ? Yo vib&.w-“‘\‘ﬁm o disedid

@iea Lotaps” ‘ahn so AT ot T@ AT aprs
!rM.L, ) b Laatrt u:’pa__,éd,.,/’léw ket -

U Y 7= > " 70
by A’J‘.WP e 32367~ 14! s WCM« = éﬂ/a%f&
L )46;].5 o J&7?;n 14/—4}{? o R]lg7éf,s_~ = = qz?é]f?-/?j |
¢ A,ﬁ,‘ i Ypted A mengp 25540 = 18507 ) ORI
/.‘“—\./'\—»—-W,»\_,,._—xf — — f'/—\‘[ Sl s amae
Hotzopreas

HE= ChpoxPrssme . O K Prose A
Wy o T 3469T ¢
( L'l = It w04 . * Wag
TG4 - !

R e

Wi e St o




Fll‘.P ’D/M Ve Ld)é ;l/:)L /(K«w-j'—x“% //7%
g 4

Ll Ko L oassed fa /wézmA v

T e P /M oo Ul o b e

a QM\AM d'—e\/(v%') /) po-v&-« boe. He S%L_

/'L 4044/[“-6!){ L%mi. &72%'}\,_(1“,& %f. )«\JS/Lc Ty Lyt ‘Q/

b RN AR T b

Z 2 /&'M Wf() S/uaWM & Cep £S5 Aﬁac Vs f?g\,d

—F&{ Vori s Ju—.r]% ANJ—-. /aa‘f/z

S b 2 /T o
ahuit 750 U ol o 43" bov. 7y
2. lh Q/'S y u.L ]
nathalle Sy B,
I / /

§~ Ue V\Le:/ '{‘D %Jay MMC&M" 74/_&:&. J?%

—‘MI_A?[L,M pents dowsifes

Coleatetios —

How = lo%s(l)%}y_—' -ﬂ:-—M‘i—'

1090506 BP

—j’/ é' Al—" 22 SQ gf = g/ 7 Sy A~ ""( C‘&aj’tﬁus Aess ,&-}Iz 25
I ,& 300y o AL beFla Tov
P’A}C(m .574.0 L= oy Lt /\# 72 I~
S0 = 5 cpl 4,
;tg\;Ll:x:K F” - 2447<. s ZS'.IRIM'; /
P2) Flow = “7 =01 &;,u =~ 4o /
u'
jf;, SwSyL "

A= 2843, 4
=

LT |

< 77 QT pge yeen
= O M%M =0




§e ﬂgfw w\md- Jw—n:n

K"

_2~ PR<M, W aow'FfiW

€@

ik Hoe

/u.«\a,«_de,‘/ 7§v 98/42:' C/&w-/ 75@(4416«4// ‘/&«,

o ey /zrﬁm b@,@v&g{{euwﬂs 1775/H;/ATlJ
s, +# , 552

~

7> T Gt

TR

| &
o 7
i A 4 7_(,7_7;‘]4355 20 boge /BZ//MA— gﬁia— R.Sevees saflun X £ i
. 7 1
| Tobt fo, o mrdaloctid S 3 5 . TP s
__E%;A&UL 'U"‘,“ Floao | B g:»;s I : ~ i Drsn| Casnsd He (B H ok St/ '?F-L 2l :"’ P g émg e, P ,: Tlf“f E/\r\.bwf banm ok -
T A b g e R 5 i e Ko L0 ol kv B e R R o o Bl e o s e |
’*‘%B ﬂ#%m‘”ﬁ* ; i g ’gL bt "Lm' l’f‘";f{t‘ _%‘.7;.: ﬁﬁ;{”“'”ﬁ* - \ 0\" o5 okt ‘:3&'» LI R _:y’:. ”-M yEeed] Col Qars Al
: L} o s R e o A Ml 2 M- z'/ﬁ-tv pp llewlod | &, iz, 2 Fa Vs g 1 ('F\C:fcb:ﬁ %Mk @,ﬂw/
£oas i - 9 10 Cag watd e Ke
L | sy | 702|357 7020|1508 | hko| 4 /‘5 2.3 |lybyo | 23w | 28| 2% 335/ns |25 20| 4 szon|§000 jrze Vol A0F]| Q| 04T | /56T £ ke
f T 7 LR ~{ 1
: { 33;4 | l Y336k »\J s 0y 5
sloas] 57 [#39 |80 st 5425 oas|(280bo7 | nsto | 2927 Sus Bt Bmlasrs | |22 proae el 450899 5% | o5 537
470 }
1 07& K - 142,504 i
: 2 , . ] )
[ 50 | 1653 |$2t | 10830 23w0s| 8] 28 qu 13.05] 21 0v0| 357019, 24 W‘og TAELY ) B R | seso (S| o JE38].0%30| 224 |04 1570 .
/ B R I A | i ' i
ol ' Zoss | (é\
. A -
w“’h“\' O - ﬁ*\m«. T/.J cww«o’o 225—‘5“{)'50'? F’*/f d  coned bb o-LJ s 20 . Pwh\u’k gzgj‘j;zf‘%/d
:ura.AZ/ wv{waf/‘/ v ol of 45 "/7“( 151 po 944« cosf‘)_“lw.»., Fon 4 Wit g e =

Axsa.N 250Fw /WHF

* Prpsnﬂ,(n ~F/M45'6,¥..a /Z,‘M & 28 yuwuuﬁ’;w zq{,%f vaer

”**i** Fior mtae ™ e %CM- 10§15 (4) A V’ZP_z . VAP
\‘ C'FM ‘P‘ V__F_ % % - SO()/ = /25
1 ‘_,ﬁ‘"

AP, =

|HP = Cfwy mouw%\

28"

%

L35Gy *’Mygfw_,,

g




LE | Q= 250004 5 b 25- 304~

270085 760 25

brzk - /575"% fé%/é

1 1) 4
| foo0f ¢ —f%co& P b [

_LI_? " ]
J - 0yt -
[ e '?/K(J - lzax ),205":—”2_87/k2. =
:C - )/—jﬁ&——‘_[ 25 # 0 4 ook X2ETx 250 \
M ZCIRE TR /

= 237% "‘3//4\,. one bover  Run

rQFQ‘b;) xSt:.,;,/A,,/

; >5.7% &= ?)l/ 6%;4.5-

—_—

2 70001105"_, {?_7'5'14}1/6«,._ (CoPrnone

20. Qo? et vox

90_(10&/7‘,‘ = k‘ OO DG Cunes -

Y\o & éd ‘1 [= SV SN 7Y . \ {

Wc'?”/ﬁ W’"‘wu riﬂL \

cmf(}«l




Rawn folds 27004 tofe. (TS

el QA@«M‘ Cat /(‘75~70/
‘¥\'\‘<_, 16(%{? =

@ooo» /hcu) cizs *
Ll

f\,/‘*lo’iv A
L. e Hagile"™ LA
o WC‘?% - (22 o000kl

Loho - @@Feol

Thntoez
LEE 5 banns b § i [Seacont
£ - j072 pr bavm e {2 b2 = (8%
b Redl 1Ha)/ o
= (s For S9°¢ p——
P o$ 7 —2‘03/‘.“_,(‘};:,00 —“2/67723

o0k

1606 % +0Z X §00y

= .75 o

LT o 4/,
“_z/— 4“ 263 bamc

209, Selyace value | W

" (
N\
N
\~\ | 200
/")7 ’LU:J(}YA ?2/4, 2z

2. 02 Dok 0{&
/’(‘7/1'«‘7/“-_1; =

?ODOM/% = 4?(10%& [

2
2760 A boays

e 2760 - V7
. 1k

b ¥

I '3 7)'_%/%‘, D

b

e

= ’V—\<,, —=

Z(0t4) o 7e3)C 5

lq = -41(5—;43124 * 95 + v d ) £ g nicoun bTUIX & X 134“( 2061,783% 3% 24 % 75—,( L A

A= =%y m—m
A - i —— - L2007 He

264- 77



g

(i us

T

TH

>

m

iZe

8\ §

2000

|§o0

[
{700

[



Rl barns Ny
YZM Con S/(\/J( “/% LS
C - _%_4(} i-IqL

‘//‘J @w 0 2_3—?)1)0 14/0(”“"\[ = ’ = -

: | 6 2 760 ' v

| F: M%/L/ A 047-\—\ C&fﬂ-u)é 77:22‘(— v 7/ 72?/(7/4/,
"/727 'fi‘/b??l//a/L

[ e
| é ‘# b/‘é/ 5“74‘-4/ 5117 N SR — 2L o
T e O . ’
| R | Kft ‘ 00# - g we— o\ o — =
v | (B4 x 22 HD, 87/# e . L
. 25,000 . cog (2.57) 25022
i\w Sy \V[-Buuoﬂé‘f\/'zg idais 2¢ (D
A - 2CY33( S 59/ R = 34Y[ o
25,800/56.§330 = 9y .7 Kows fy ot crge. =358 f/a.;saéf
/ %((.{ welts %/ C))”"““—v ft \ ¢ et/ sl
ol 3. 6967 wak
oo olele e il Sl a S
areed] \«\" Eu/‘%( 6/9/27 oy 0}’/""«—) e // /‘/"ﬁ %sz/’&"“? ’{7 e |
‘\ Nkt 3(7757 - = 2 /749 w e a—r'/ /fyﬂ/\l{.f; st 7%/ e
- . L
2 S
7 { 7 ! o I ,‘UI.' N o
-\%74414%_ e — ‘ Y ) N
\ - } \
o) R \\ 93174
: 7 S SkS cunegy—
4 .v"/\ y ) Sy Js =iy {65 écﬁ_/)

Fre He divs g R \,l? fline oiicmsp dl/cur 7%(""-‘*—*-:

R AR Suuafcs/md@rrsfﬁw. + 5. &ﬁ(")aﬁ«, = /wa-di‘( |
S Al s, - 1




e <\ [ 25 Go e p ol 1,%7’:;;:_7
1 134(/09’76_)( 28 tot 20 (2 :

SR RN P Py Y P

: / 25‘000‘::1 — 7L 75 - — S F

saakly LY i L 4
%%A‘ﬁraﬁwé Mﬂ-ﬁ Muévus«/r&/a—a Fon
%’L‘w/»sf:ew ol nee//g'/e $ weets tor /‘IM"-\—
o orwmad ey pes ﬂ/«r& Sl welds to WJ’Z., - 3557w4r£r

|

. |28800k 2 5/ bl |
L2275 13062 & [3¢e .

e L M , /bt,(olzg%,,g‘

\

¢22§ a/ﬁ—L
2oy A ] D
Pl D@y
—_—

T ——

e — e ——— it

ﬂ“"? Cpnalyses nee l(:,Q 7L0 L‘CW\,(/\Q/(;“, ™ 4,‘-44" 'ﬁgf Ao
B . LY
i C\—L79 ‘*‘v‘w/n not= @bl aceed 12/4 C;?TW el FHa

‘ MﬂL}} [L,{/ c"t/b/ m\’—a L‘q‘ C‘T“}J /7'7‘6 &' — |
j éfbm, 6'(A¢/fw/ u,[wx ng.,,)m;,/ 4 ,/)v-7 x:f/_& v

T
_ond featr Ao W7 @ J—a»,uaﬁa-,«f M I
Cond. him e M/‘ﬁ“‘n r{’Y’vv(« G luA Atat o Dana

| copueh W He wokle, i Mve Kt~ |
; L/w/-,/f (o 07"5« ,)wzvﬁm) aeeds h A /‘VA"S«'A/{"




L |

C(C_ x ’(r Y‘lT/TW w"l

M By *(flw g2 5H (L,H% — )
d \ 5 J

(Fep) (e
S
§. 25/T
| L%
Jepsu \

JJZ&BW 2,78 wabe e 000

mw ‘@MJ‘L‘I Sowt wHe bj’u:// 4
/’ﬂ/
7a

o o.Swaks
ford e T e

LI L afFar , B2

&
yo S ’|76K SIpReE e

112)’




B/
a Tl oo )
E‘F'FLV?& )g Cu/\,t.._? Iﬁaw e lM/k:?« 7,;9 Lo
[ fesen ST by, /g%w S 78 H/< 8o
2. A<, e Zkzcll /146 'M,‘?, /Lw?“c{r/wnﬁ =
d
2. Boelust| fan aux/t«w ;md;%«»/- G Mo ,rge;/,&wf.
Z 16-y58 ) o o At Bhded  vay lowa ] 123 [BF duni
Jru.v\n. ” l ’ / / /
I d
5. e )| 20 bne|blrsn 272
b- H"\f\LU{An /)C“f{ xR
H o | F/0i | Ressee | Duck | Total | Bepess | Hpato | Fae | Eoofeisd = pllow
Chw/lh | oy~ |ccwss | foss | Fou pu) 20bgs | Powey | Befutvertod) Tkl o
[ gﬁv Bﬂy Pr:tsw bm,». Q‘ZK‘Z (< £ s chMl
c”{—.,\ ey, ik e W okl r&)/ *
92 29 X
3 263 1,28 | .U L 43% LE 11 OIS
123 16 b
L 259 | 5O s oo | #3% ||%34S| 3.9 ﬁ bo o7
‘ 15 sy [/
L0 439 | % .6 138 135, | 1656l &5 4]? Gp-5 329
2921
15l SS i
b | 528 [1.12 | 7 192 | 45 | [$%%% o] m} bo.
215717 § _
i T [ v I [ 2231 | k%7 | & e ko’




jl.VLW L
}
e n o rm—
Co¢ o Qu, fton | £ ef | o
= (st | cocB® Fw»& [ac tasnt ’ ad fued | tuny/
L. st/ leutt e | ey

7L, 4 4/ o
'f

*/owe ikl

3

Gl

&
4D 208 §350 | 1252 | 149 2982 | B.o | 138 | &g |,/55]

1058 8215 | /250 |16 28R |Z88% | 3¢ | ZI5 T| J4I7

b | I i i

W ol sws Y| 1262 | (40 | 214 GLg | 3¢ Zo1 [ 369

&

TO3, $5C0 |12g% | 183 | 99 | £5.65| (33 | Lp3 | J3TL

60" €706 [13°5 | |58 180 | Rbuo| 123X | Ll04 | Th0Z

S gmes Nt £ fPah dc whd Bor | < Ia,JTc/Ti, ewreas
Assven [tRet B ldee, Cube consli®

Note 1| oo nﬁvﬂw?hm b U s R e

ohserdeel | T~ #paedk T ol d‘n,-u,. AT D 7 e

Rl bare  [iesen |vate ool tfficicc,| Jouy




&233

| 917 Pesalie
)
e Ssuvt std T, / & M
)-hiﬂ Pra % 200 o, $) (upwy Sewed
B3 15t ged S b (b3
s mon P Jis 10§ /ml (543
MS 2230 | High hy — 150 $ib3 S/
Al )] st . I$x S by
/’ o |
3t 2911 Lo Press IR 135 (.3¢) |
=y S - ]
A | Prece ] cnminTm  sudogifly
gn,?"d 3 233 4 935
¢ 7 153 bty /
[ 12 Iso - < 63 ’
] = | Shéé‘l{l B e T s e
. o3 R rrv a7 143
py 28] /sq 'y f s
,}‘u\ﬂf/ A 210 \EZ:\ gz ﬁ’% [t < 28, ,L,zawé/&,...
/// b 195 | 129 | 1L |— " 129 B
7 i |y [ 7] A
4 u,(/ s} ) (.5 I 109

d d;; ,&:’Mm«w_% immu%

—

Lde/H\ys_ Won ’J,A#Aﬁg_./i‘b\«\_ 0 bearve d cre

R alforhed. 7]@"2




rau ]
a5
Gae
T

20 Toai

225

200

a5

15

s



a4

197% Qetw{/é (Y]
Obscd YL
P rogs unn el Jatl ﬁ%’
o W@ g | 3% 47 i e
L gy 35 %97 170 [.% 5 5285y ILg
M U T8 g | 74 1385 w2
H 25 lo 1o B |k (Y j2] Bo
153 Mf 1y L7 4

Med prossine. Cost Mﬂqﬁé'/n\(\ - otts ,n»«auZnﬂ o

'i)ﬁoila M(W«J\w
bV {




Pq S
I -
= 5.0
T A L ) (e sy
FHow QMI—&\‘ Pl |2l h | B B | TR Cost
C,’lm/ﬂ T cxB costs coste. cocle
ﬂw Hﬂldd" /
455 | | Mne SR, | B e e Kot pid.
d'l’- 7 7
3 1 %0 vy [ fezo| %] [26%20 4t | 1S59
K" 16 1S 129,40 | .50 [2.52.00 [435-% |74 %8
= 2 3¢ 405 | 150 213. op [397-1S" | 1357 | 4/{\’
/
b 132 27 L& [ (53 119695 (391851, 1338
7 127 Uq_ l9lyy [/5€ 1§¢-8S |07.29 | . 137)
Le 10 4
TG TT T i S i aata
How | ot [ 9sed | J6F | Bore | Rew |[F07ak | o0t
e | ea® [ ol | coth | ;B ,
Uonfdh | Joei. |8/l | #ln] #/Ke | Hfeur | 8t |Bfond i,
D 2z [T [ 278 | 14T | 26658 [Sug3b | JEbo
o 225 | 50 (3928 [ 1SV | 23755 SHXF| 1800
A sz 138 [eya8 | (S0 | ucop| S2025],)78)
L L9 | iag | 959 | 153 | 2993 $248 [ 792
iy A WA 1y 112%¢e | 1.5€ | 27F.00 | g2¢. Go| 1T1]




Ty i
j E#EV’X 7 -7%« iff)uo/—w o~ MKA C/U\L/S"O’W\J,m;v\
2P PR Y YY) T o il 87274
[Hecl B 1775
— A £4e4
Vﬁ;{ i P@:{uﬁ ufac = Mdo//w‘/ Mu Mm Dryio ti] g;)/;/ %/Z Draely , Pres
- J N7y i
//- L | Low [(22 74.5*‘5%40 ;;u 198 | 12 120y [Wdp [NIPo
/T | nmed Goo 773 525 71D 136 140 ¢E /%792 [ 9.6 | PuL
[ Mjl\ odes [ 72 HWb %lﬁ Tl | o /3. 33 Sey P«&,m%
€ b Loy [450 | Sessgo BV iy | 70 | /823 | Jasc | ¥gl
' 7 I medl [700 97 ¢ 800 1128 | 59 13.8¢ | g,25~ [ X3V
= & g | shik boo 9 cés";?o 159 /00 Lo .o® | 779 |Pw ;g//;‘;,M
2 7 Low Loo e “‘.‘550 L S | 57 I &«z]| ¢.77 | x4V
2 } Med | 44y /mﬂ%ﬁ?ﬂﬁ“l:r 70 1772 | 7274 |xuv
S 77 G TR WTICL 3 4 S O S W 4 2 R YV
Q Lpd 780 127\ sro\S9s— | 90 ACER P A
Med | 750 | jzp i 9SENEN 6T |[< o0 [£79 [Ce &
g 7 ﬁ;qk 750D /20 W] p20 W28 75 1734 477 |\ yieu
n b Lo e IS“L';ibYSL ‘ii 220 Y] 260y tbl | Bukm
r 7 fed R /37{5\?b5‘/ \-:'mo e 2l (w12 |[Bzkm
4 o b L 5D (395> 6of \Viligs [ 9% Z(yb |4.37 RSV
—{' ] - 2 7
7 an-rﬂ;;{ 750 /@/,.s‘éigzo'ff ‘;/70 8 2 /33 |5l BY 5K
q Med 200 'SWE“‘S%&“I \;“/70 LS 2264 |$27 E
Ao, D757 I745° [ 740 v [0 Go Z3% @k




It 9 a6o ¥ I J) kil restoved - %
A / R
4y (et
PfJSSWv{ ) ’ 77 -
Rarn 2 M H Tokt H ! = = = i
— ‘ & 2ol 0 Se Sy | Ep7n
L .53 | 127 | L&l L';.‘H S ) '
() n3L ] (T3] Ly [nzy (2D
i .53 | 1.33 | Joo AL
o 32 | L& [feo  hiY
< I'3p | L7t | R332 [ 4, S78 — | :
[ Sel| wwt|Co0l BET 44¢
Totd | w36 |yl [ 4304 | f3.0¢ ] ' -
b I-#s hyl /A'-I,S" 2
Lo dd 47, 2l bind )a-,.‘a?,
LIS o) ‘[IZ/ bz B 7 A | ogsT —JM]/'C;A-\//K Zw;/,}:ﬁé
& ) /
M v Ll—-_L« \fé\ Z:-‘)wv /{/ ’0//["/440’/// ;214_,‘2' f'—.;
SIS P75 S PR PN/ ey esccl Vo o ypuid -
5 SEAVEISDS 2y v ol k) ,%il/m_"(/;?,,f
o Y2 U O SV SN AN SN Y W W
57 £
: / Mid oo _//I/U/:M .
TR %5 D -mM? v 1) = = PN P
4_’,,,44»47'7/‘* W%Wﬂéw\ "Lx/ﬁlllytﬂ /I/LW——
(
ovlbfp) «%Aﬁmﬁ%%,ﬂjl«z /A/WA«VL—&-J/’A%(;
rhat ay "WNMW;, ad , ¢ f% wi A ol £0F
f A N Z’\A / pbce vahog -




N Eoe e
gl 0 M A5 = il
n 4| g ] ey
7] & 7 H 20
j ———
v
To " 7o
i Born | Prossea ‘F‘wpf Dok, s
: | cfy | BT T Fed/E
b L Jte-9p 125 17 L Y, 88
7 M 9.16 s (40 M 389
q b 12-04 . 712~ 125 H RLZ
T \ A d
11 0 L fozs| | 76 [ IUS Cols
] 7 M Y25 E\ £o 124
. }( ¥ b 7.9% T Lo J00 . B | L M H '
| = L US| LS ko] uzo
t | 1 L L7 §° | ju5 I )
ol | 1 M 7.95" 7° 1 4z¢ 1L ws| 428 les]1 2 T8
1/\1 v e g0V 9] (20 { ot 4
3 e dbC | Bc JOFl 0.0 |
l ] T yen——= (hze
Bl 7 || g L L2 | J90 | s o] BE Fus L -
3 [, < m w1l [ 5 WS 4Pa gy Mo
2 -7 H 4.77 s S ey | el [
i L L 220 | 170 |]g&
2oy | wt L C bl § 7 [ 530 | 202 SO JIS LSS
pa’lz9 7 M. L7565 | malu| 10 T—— \
By | 42 g 1+ 9-?,71\J) wgf® | cC N o [T T01147 13y
£
Ak ¥ n 2377 | s | 170/
| Y~ 1
( Syl 7 Vownid Tob
S
(D g Aressins Pr2Ssing
D M H Boa~ ]l £ M H
(ert] (’-I-.zsj
10 6s $n 2 1035 L79 Y.00 || 25y
: 3 (.73 (4-29
gp | sv- | K i L9 25| w77 11941
(437 L fp o)
¢ 70 | 70 Lo Y1l ¢35 | 195 | 1.7y [[22.2¢€
- (fa-t8) | (101 | 718 |keg.20)
s [Pho T3¢ [15¢ 23 491 <2791 207% .28}
v '€ | 2 [of . fo | 9 1L [10.35
o (IIUP :"37 ['Ll.z-]
T 448513752 38 41
we [ @91 15079




el T

Hress ut

13.23] 1¢.8D

1842 | 4%.4c

JL 1§

1442 | 13, 8

17:3 4906z

[ SY

1b-93] [7-72

Jt-09 | 50.93

16.98

Totad

4 &5% [ 4g. 5%

S8y luq

i

1619

16,17




- \/ . ﬂ S ﬂ /4 - /g
= vane LA;(/CUn,j L= 1 oni Bk ooy boc
O AT e J A ‘\, /M/’w: Hry
wit r.\}l/i L')s.e »T":ﬂ«’ =

¢S fr- Balin  wJ | watto [fad /' ll‘/wl Ly L, | Broy Dnode
e ) e TS24 |7 [Pl ALT | 12069 | ez M FPo . C;:b@ﬁ
S W 4 lew 72528 (7201741208 /2,75 | Jao 4|74 Pl | St o bary.
L Z lcoo 305 |507% g2z 195,y G058 |70 oy (74 Vit |- %
9 U &« Yoo 77 [821 [728WM\[43,17 [%i20 fo0 0 50 XL adbe c#
iy |z 1 fbos §7 |53 lewl [ FU[)p.50 |7 ke 1o 1° |70 PhL oyl

15 12 2 leeo ghlSry lgp Wo2lwde  [e.7F | jag 1070 P2 gt
W 1z 2 lew 90|55 Beoase 1S4 [R2%  [120. [P Xeb  |sw

12 |2 4  lfyy quils0SS g2 |WISS7S | 5i67 (140 |7 XyV Qs bug
G es) [543 ST LNIWpe  [Se  [j2e - |50 LL24 ﬂjxlym\
w13 ) |tsopylsuz 5301tz  [T6]  [iC |50 Low- AL)A




[, 2y d%/ r/ @72

L3, N\ Cott § unyPlan
.o cmmmﬂqm( /JAL?M;/Z A 4 vt
t«/m& L H [ sH HL%L Cuoty | Lo Wyl | sH wgk
12.09 | L7 L75 | 0h5E
740 ! Z6
9.0%. YA A /o
b 7U 113
[ 74
Loed
Ltz
2Ty
< 19 49 20 | w27 [ w37 | jv
) 9.4 150 vz | ST | rp
.
A =

el [ z-Hok | SF [H K P,
J6s 145 i

14>
1% 120
148
/20
140
160
 Bo.
< 2o |4 25 | KO I20
¥ /152 lud Y
L M -+l
/70 47 13
] uJ W#IN\ K'N\WM wit ;/
i [ I Vi VA4
Ly cuha Ay W/‘I“f o~ Indpye_.
LM Prtina aana, ,




