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ABSTRACT

The effect of weather on agricultural production and
processing is of vital concern to all farmers. Grain drying
systems, especially in the developing world, are complex and
weather dependent. Because of the large degree of risk due
to the random nature of weather, farmers in developing
nations have had problems in the adoption of artificial
drying.

The centralized grain drying facilities are usually
designed without considering adequately the random effects
of weather. As a result, most grain drying investments are
found to be uneconomical. Efficient design and economic
operation can only be achieved through better understanding
of all the relevant variables and their interrelationships
in the entire drying system. A general simulation model for
grain drying (WEGDM) was developed by including the perti-
nent weather variables, either stochastic or deterministic,
into a meaningful analysis. It is built to be general enough
to simulate most grain drying systems. The model consists of
three major computer programs, namely, Simulation Program
for Weather vVariables (SPWV); Simulation Program for
Grainflow, Drying and Management (SPGDM); and Simulation

Program for Financial Analysis (SPFA). The SPWV program
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simul ates sunny and no-sunny days for grain drying:; harvest
and no-harvest days; wind and no-wind days for grain
harvesting; using Markov Transition Prcbabilities. The SPGDM
program simulates the amount of grain flow, moisture content
of the grain and grain losses in various stages of grain
handling and processing. The program SPFA is designed to
calculate and gather all pertinent cost information into a
meaningful economic analysis. The Net Present Value (NPV) of
cash flow has been considered as a decision criterion of the
model. The main program with 23 subroutines in the FORTRAN
77 language has been designed to make the program flexible
and easy to follow. The grain paddy and the Los Banos area
of the Philippines were chosen for development and verifi-
cation of this model.

The application of the model is extensive. Design of a
grain processing complex, economic analysis of an existing
plant, feasibility study of a grain drying plant and evalua-
tion of alternative drying strategies are the important

areas of application of the model.
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1. INTRODUCTION

1.1 The Present Status of Grain Drying in the Developing
World

Weather plays a significant role in agricultural
oroduction and processing in the developing world. Like
other agricultural operations, grain drying in this region
depends largely on nature's whim,

The art and science of post-harvest grain processing
has made remarkable advances. Many types and sizes of grain
drying facilities are available today. Despite these
advances in drying technology, investment in artificial
dryers in developing regions is still minimal. Wet grain
handling and economic losses due to lack of use of drying
facilities continue to be a problenm.

Grain production in the developing world is characteri-
zed by small labor intensive farm operations, erratic
weather conditions at harvest, poor farm transport and high
grain moisture content. On-farm mechanical drying is rare.
Sundrying is still highly preferred. Owing to small farm
size and low volume of production, farmers are unable to

afford expensive post-harvest equipment. They are hesitant



to avail themselves of capital loans for iear of risking the
only source of their income--the land that they till. This
is one of the most important reasons why farmers of develop-
ing countries are still using traditional methods of grain
drying and suffer significant amounts of grain loss. High
fuel cost, lack of technical knowledge on drying, unaware-
ness of existence of dryers, existence of a market for wet
grain and presence of private millers to buy wet grain all
make the adoption of individual dryers even more difficult.
Farmers' associations and government or other process-
ing complexes are the major agencies shouldering the tasks
of mechanical drying. Their processing plants also face a
similar major problem—-lack of drying capacity during peak
harvest and under-utilization of dryers during good weather
conditions. For example, in Indonesia, BULOG (Padua et al.,
1984, p.6l) reports the KUD's (a co—-operative organization)
lack of drying capacity in rainy periods. The KUD's drying
capacities are too small to accomodate the enormous volumes
of grain during rainy periods and become idle during fair
weather conditions. In Malaysia, paddy harvest in the wet
season has very high moisture content ranging from 25% to
35% (Yon and Nour, 1984, p.66) . Wet grain and lack of drying
capacities at the farm level have led to the paddy industry
losing large quantities of wet season harvest. Without

adequate on farm drying facilities, wet grain is sold



immediately after harvest., As a result, paddy primary
processing facilities at government and private milling
complexes become grossly overloaded.

In the Philippines solar drying is impractical in the
rainy seasons and often results in high grain loss. On-farm
mechanical grain dryers have also proven financially non-
viable. The best prospect for expanding mechanical drying
appears to be in providing large units at rice mills (Vega,
1984, p.106). Paddy harvesting (approximately 50 % of the
total production) occurs during the rainy season in
Bangladesh. The public sector is obliged to purchase
enormous quantities of wet grain in order to cope with the
deliveries by the farmers. Bangladesh has installed batch
dryers at five places attached to governmment procurement
centers where drying problems are serious. Since those
dryers were not designed on the basis of climatic condi-
tions, they seem to have failed to satisfy the purpose of
establishing the facilities.

NFA (National Food Authority of the Philippines), BULOG
and other government agencies handled the wet paddy problem
by using large capacity dryers with 15 to 20 ton capacities
per hour. These dryers are manufactured locally. However,
even with such facilities, they sometimes could not meet the
drying requirements, especially during wet season harvest

(FAO/UNDP, 1984, p.5). The same picture persists in other



developing countries. Centralized grain processing plants in
the developing world are not working properly. These plants
are designed without adequately considering some important
factors such as the erratic nature of weather, stochastic
nature of grain production and harvest, popularity and
economics of sundrying, existence of a wet grain market,
local transportation problems etc. Therefore, it is
extremely important to design or redesign centralized grain
drying plants based on local socio-economic and weather

condi tions,

1.2 The Present Status of Paddy Drying and the Weather
Pattern in Los Banos, Philippines

Like other regions of the Philippines, Los Banos,
Laguna province of the Philippines is an important rice
producing area. It is located 65 kilometers southeast of
Manila at 140 10'N, 1210 15'E, and 38 meters above sea
level. Having almost flat land at the base of Mount Makiling
in the west, Laguna de Bay is situated in the northeast of
Los Banos. The average rice yield per hectare in 1978 was
approximately 1.75 tons. Substantial quantities of paddy are
lost annually in this area due to inadequate post-harvest
facilities and handling practices. The heaviest losses are

during the wet harvest seasons (May to November) and are



attributable largely to inadequate drying facilities
especially at the farm level. About 95% of the grain is
solar dried on mats, concrete floors and road surfaces. The
drying process depends largely on the random nature of
weather. The weather pattern in Los Banos, Philippines from
1959 to 1983 is shown in Table 1. It shows that during the
wet harvesting season the number of rainy days is very
significant and the relative humidity is relatively high.
During wet harvest, farmers have experinced problems of
natural sun drying. Since solar drying is virtually non
existent during the wet season and on-farm mechanical grain
dryers have proven financially nonviable, there is a need to

design a central paddy drying plant in this region.

1.3 Process of Grain Drying

The purpose of grain drying is to decrease the level oi
moisture content of the grain at which insect, mold, and
enzymic acticns are at a minimum. Grain is hygroscopic in
nature and has the ability to absorb moisture when the
equilibrium condition is not reached. If the vapor pressure
of the moisture within the grain is higher than that of the
moisture in the atmosphere, the grain will lose its moisture
to the surrounding air. The grain absorbs moisture if the

opposite is true.



Table 1 Climatic Averages, Los Banos, Philippines from
1959 to 1983

Month Rainfall Number of Mean Relative Solar Wind
rainy®* daily humidity radi- speed
days temp. ation
(mm) (day) (6c) (3) (cal/cm2 (km/hr)
/day)
January  40.4 9 24.9  82.9  339.6 3.9
February 17 .4 5 25.4 80.1 415.5 4.3
March 27.4 5 26 .6 77.4 488.5 4.6
April 32.9 5 28.3 75.8 542.7 4,7
May 173.5 11 28.9 78.6 495.,2 4.0
June 240.3 17 28.3 82.0 437.9 3.2
July 279.7 20 27 .6 83.8 405.5 3.2
August 255.7 19 A 27 .4 83.9 390.1 3.2
September 269.6 20 27 .4 85.6 384.0 2.8
October  239.1 17 27.0 85.0 371.1 3.0
November 254.9 18 26 .4 85.0 325.7 3.5
December 158.6 14 25.5 85.3 298.2 3.7

* Rainy day is defined when rainfall is greater than or
equal to 0.25 mm,.



Both solar and mechanical drying are used in developing
countries, Solar drying is done by simply spreading the
grain on a cemented pavement or on a mat under the sun. The
drying process is affected by solar radiation, humidity and
other weather elements. Artificial drying is achieved by
using mechanical dryers. The drying rate for a particular
grain depends on a) temperature of the drying air, b)
relative humidity of the drying air, c) moisture content of
the grain, d) amount and velocity of air through the grain
mass and e) the depth of grain in the drying bin. A flow of
heated air is directed into the grain at a specified
temperature and relative humidity level. The moisture
content of the grain is then reduced to a certain level
after which it remains stable giving no change in
temperature and relative humidity. Water in the grain is
vaporized by heat, water vapor is removed by air flow and
the grain is dried.

There are two types of artificial dryers; the batch and
the continuous type. In the batch type, there is no movement
or agitation within the drying chamber. In a continuous flow
design, there is a continuous agitation of grain within the
drying chamber either by gravity or by mechanical means.

A centralized grain drying system usually consists of
several types of equipment and facilities--grain pit, grain

elevator/conveyor, temporary grain storage for wet grain,



drying unit, tempering bin and storage for dry grain. Among
all these components, the drying unit is relatively complex
and performs several mechanical operations, using a fan, a
heater or a burner, a prime mover (engine or motor) and one
or more controlling devices. The grain pit receives the wet
grain and an elevator/conveyor delivers the grain either to
the temporary storage for wet grain or to the drying unit or
to the final storage for dry grain whichever is appropriate.
The drying unit performs the main function of drying. The
drying rate depends on several important factors (as
mentioned before). A controlling device halps to regqulate
some or all of the factors of drying. The dried grain or
partially dried grain is removed to the storage facilities
where tempering and dryeraticn might take place

simul taneously. The partially dried grain is dried again
either by the same dryer or by the sun depending on weather
conditions, economics of operation, labor availability and
manégement practices. The dry grain is then sold to the

market in due time,

1.4 Need for Appropriate Model

The effect of weather on agricultural production and
processing is significant. Weather risk consideration is

necessary in evaluating various agricultural economic



decisions. Investment in drying is one of the most difficult
decision problems in grain processing.

Many developing countries are located in humid tropical
regions where rice is important. More than two-thirds of the
world popnlation depends on rice for food, yet one-third of
the rice crop harvested is wasted because of inadequate
drying and storing (Moss, 1965). The traditional method of
sundrying in developing countries depends on weather's whim,
Therefore, the introduction of artificial drying facilities
in these areas seems to be an efficient way to minimize
grain losses. In addition to reducing weather caused grain
waste, artificial drying can increase production by
(Chancellor, 1967, p.l):

1. Reducing the tendency for grain to shatter from the
plant while standing in the field or while being
harvested.

2. Decreasing the probability of field insect-pest
attack, rodent and bird attack.

3. Reducing the possibilities of field losses due to
typhcon, flood etc.

4, Extending the harvest season, thereby reducing the
peak labor demand.

5. Increasing the cropping intensity.

This measure is valid when the weather is bad and sundrying
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is not possible. The inflow of harvested grain both in terms
of amount and moisture content is stochastic. The production
of grain also varies randomly from year to year.
Furthermore, the drying rate is also affected by the random
variation of weather elements such as relative humidity of
air, rainfall and air temperature. The question about the
economical size of drying and storing facilities becomes a
very difficult one to answer. Farmers rely on solar drying
when the weather is favorable, Artificial drying is used
when the weather is not suitable. In good years, (i.e. the
year in which adequate solar radiation is available for
grain drying), drying facilities are idle. Thus, weather
uncertainty makes the investment on drying facilities highly
risky.

Many studies on the selection and design of grain
drying or similar systems, have been reported (Carpenter and
Brooker, 1972; Lytle et al., 1974; Chang et al., 1979;
Wimberly and Sistler, 1982;). Almost none of the studies
adequately deal with the design of grain drying plants under
the situations characterized by the stochastic nature of
weather, the random supply of grain both in terms of amount
and moisture content and the year to year variation of grain
production, Due to failure of considering these variables
adequately, many existing centralized grain drying plants

are found to be uneconomical. No general and complete model
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cr report was found that can.be effectirvely used for
designing or evaluating a grain drying plant under real
world situations., A quantitive management model which can
integrate adequately all these variables and help decision-
makers to locate the optimal course of action would be very
welcome., Therefore, an attempt has been made to develop a
general simulation model that can be effectively used for
designing and evaluating a grain drying plant equally
applicable to all grain growing areas of the developing

world.,

1.5 Objectives
The objectives of this study are;

1. To develop a simulation model which represents
the complex interaction of the dynamic and
stochastic nature of centralized grain drying and
storage systems.

2. To apply the model to an example for selecting the
optimum capacities of drying and storage
facilities,

3. To evaluate the system with possible alternatives
of drying parameters, facility capacity and manage-

ment alternatives.
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To make the model general and operational, so that
potential users can handie the model and analyze

the results.
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2. LITERATURE REVIEW

Substantial research has been conducted on various
aspects of post-harvest grain processing systems., Literature
search has found no specific reports that consider the
effects of weather uncertainty, drying strategies and
management alternatives on grain drying systems. Price
(1964) developed a regression model that evaluated and
compared in-plant economics of scale for selected kinds of
rice drying and storage facilities. The model included total
drying and storage costs as dependent variables, with drying
and storage output plus excess capacity as independent
variables. Long run total drying and storage cost functions
were estimated by least square multiple regression
equations. The objectives of his study were; a) to determine
the most efficient (least cost) output by size for rice
drying and storage facilities, b) to determine the most
efficient drying system as size and output level change, c)
to determine the influence of co-operative ownership on
commercial drying and storage facilities and d) to determine
the influence of the drying and storage system on rice
quality. These objectives were accomplished through a cost
study of drying and storage operations of a cross-section of

farms in Louisiana and Texas. Random samples were drawn for
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the study and operating costs were obtained from sample
firmms for three consecutive years (1959-61). The seasonal
pattern of rice receipts was considered as an average of the
five year period, 1958-62. This model ignored the effects of
weather and the random supply of grain and did not represent
grain drying systems in developing countries,

A simulation model was developed by Carpenter and
Brooker (1972) to analyze costs associated with harvesting,
drying and storing systems for ghelled corn. The model
provided a means of evaluating the eflfect of the size and
type of equipment used in the system. The model was capable
of evaluating the time of harvest, date of maturity, level
of field losses, relative risks etc. This model seemed to be
developed for on-farm corn processing and did not consider
the effect of weather uncertainty, therefore, it was not
suitable for a grain processing system where weather is the
main concern.,

An on—-farm grain drying and storage system simulation
model was developed by Lytle et al. (1974) to compare and
analyze performance characteristics of various grain drying
and storage systems. The purpose of their research was to
develop a simulation model that generates cost and
operational performance information for grain drying and
storage systems., Inputs to the model and examples of types

of output from the model were presented, Cost information
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was used to compare the operational efficiency of
alternative systems and to determine the optimal number of
bushels that a particular system should dry and store.
Optimum operational efficiency was achieved at minimum
average per bushel cost subject to the system being large
enough to dry and store at a given harvest rate. The model
was deterministic excluded weather uncertainty, drying
strategies and management alternatives.

Chen (1974) concluded that sundrying of rice in Taiwan
was still economic and satisfactory. For preserving the
grain from spoiling due to bad weather, artificial drying
was necessary. The research result also indicated that a
continuous rice drying system was better than a batch type
system so that rice of different qualities or rice owned by
different farmers could be separated after drying. Chen made
an interesting recommendation that, compared to natural
solar drying, a thorough drying to 13% moisture content was
not economic for artificial dryers of any kind., Heated air
drying of grain to 18% moisture content for short period
safe storing was recommended. Chen suggested that grain be
dried further by the traditional way (sundrying) to the
desired moisture content, 1f drying cost was the sole
consideration,

Young and Dickens (1975) studied batch and cross-flow

drying systems to evaluate the cost for drying grain, A
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method for evaluating the drying costs and the effects that
various drying parameters have on these costs were
discussed. The model used in the study considered some of
the weather elements. This study was helpful to the
development of the model, representing certralized grain
drying systems design and management for developing
countries.

An important research work on emergency rice drying in
the rainy seasons was conducted by Chen (1975). His study
indicated that a continuous flow multipass drying plant
integrated with a floating layer could be the best
combination for future rice dryers for farmers' associa-
tions. He pointed out that emergency rice drying differs
from normal rice drying in that the former concerns itself
with how fast a mass of wet grain is treated for safe
storage for a pericd of time until unfavorable weather is
passed. Chen's study was very useful, but did not offer any
model suitable to analyze dgrain drying under unfavorable
weather conditions.

Loewer et al. (1976) utilized a previously developed
simulation model, BNDZN, to generate comparative purchase
and annual cost for layer, batch-in-bin, and portable drying
facilities. The important designs incorporated in the model
were capacity, number of bins, harvest rate, and the degree

of mechanization., No differences in grain quality or labor
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requirement among the different drying techniques were
considered, Also, it did not include stochastic weather
elements such as sunshine, rainfall, temperature and‘
relative humidity of air.

Turner and Baker (1976) investigated and analyzed total
costs involved in drying and handling of corn and grain
sorghum in Nebraska grain elevators. It analyzed costs for
complete grain drying-handling-storage systems. It also
showed the relationship between plant size, cost of drying
and asscciated handling, but ignored the stochastic effects
of weather elements,

Chang et al. (1979) developed a mathematical model for
dryer selection, based on empirical study. The model was
primarily designed for selecting an on-farm drying facility
at optimum cost. In the process of modeling, more than 100
dryer specifications were examined. Thermal efficiencies and
optimum dryer capacities were also analyzed for five
different drying systems. The model was developed by taking
four steps a) collecting more than 100 different dryer
specifications obtained from 22 dryer and handling equipment
manufacturers in the United States, b) mathematical modeling
of the dependent variables as the functions of the
independent variables, c¢) develcpment of dependent cost
functions, and d) optimization of drying system require-

ments. Drying costs were divided into four categories—-
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operating costs, fixed costs, timeliness costs and
miscellaneous costs. Since the model was developed only for
the purpose of selecting a dryer, therefore, it is not
capable of analyzing the post-harvest grain processing
systems as a whole. Furthermore, the model did not consider
random behavior of weather, drying strategies and management
alternatives etc., This model included only the deterministic
nature of inputs.

Habito and Duff (1979) developed a simulation model for
a rice post-production system at the farm level for develop-
ing countries. It simulated the farm post-harvest operation
of a hypothetical 1.5 hectare rice farm consisting of 15
plots of varying sizes. Only two basic technology systems
were modeled; a) the traditional system, employing manual
harvesting, cleaning and solar drying, and b) a partial
mechanized system, employing manual harvesting, threshing
with the IRRI~designed axial flow thresher, and drying with
a twirmrbed 2 ton batch dryer. However, the model incor-
porated uncertainties affecting different processes in the
system, particularly weather effects and avaiiability of
labor. The main purpose of the model was to investigate the
nature of trade-offs between increased costs and the gained
advantages of mechanizing rice post-harvest tasks. The model
seemed to be unsuitable to design a grain drying system.

Althcugh, it considered weather uncertainties and the
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stochastic nature of labor input, it was rather spacific,
inflexible and difficult to evaluate the effects of various
relevant factors affecting the drying system.

Costs of owning and operating on-farm drying and
storage facilities for rice was studied by Woody and
Morrison (1979) for Arkansas farms. Their study was to
provide economic information on costs of storing and drying
rice on the farm, with special emphasis on energy costs and
requirements. The specific objectives were to a) estimate
the quality and cost of energy necessary to reduce the
moisture content of a bushel of rough rice, b) evaluate the
effects of weather conditions on energy requirement, c)
develop estimates of necessary capital investments and
d) simulate costs of owning and operating omfarm drying
facilities. These objectives were accomplished by a case
study analysis of two types of omfarm drying-storage
systems., One facility was a 43,200 bushel incline auger
facility, the other was a 60,000 bushel capacity elevator
facility. Weather effects were also studied in an attempt to
estimate the effects of temperature, precipitation and
humidity on the drying process and on the quality of energy
used, However, the study was farm and system specific and
did not focus on the design of the facilities,

In 1982, a feasibility study for a modern post-harvest

facility and a marketing facility for rice in the Cagayan
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valley of the Northern Philippines was undertaken by the
Asian Development Bank (ADB). The proposed project had five
components—-three concerned with rice and two with fruits
and vegetables. A component of the project (out of six)
augments post—harvest facilities in the locality by
providing threshing, drying, storage and transport
facilities capable of handiing 100,000 tons of paddy. The
objectives of this project were to assure supply of gquality
paddy to the integrated milling complex and of bridging the
anticipated gap of required infrastructure in the wake of
the commissioning of new irrigation facilities; help salvage
from the present post-harvest losses about 36,000 tons of
rice and 17,000 tons of fruits and vegetables; make a net
contribution to the country's energy balance by producing
energy out of rice hulls; and convert rice barn as a more
nutritious feed. This feasibility study did not use a model
for designing a drying facility suitable for developing
nations.

A computer model was developed by Wimberly and Sistler
(1982) for selection of commercial scale rice drying
components. The model was designed to select the major
components of a continuous flow, four pass, commercial-scale
rice drying facility and to analyze the cost of the facility
over its estimated useful life. The program also analyzed

facilities with different design layouts and grain bin
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diameters and ranked the facilities by net present cost,
However, the model did not include the random nature of
input variables, Variables such as grain receiving rate,
initial moisture content and final moisture content were
assumed to be deterministic, Furthermore, it did not
consider the effects of weather variables.

A feasibility study of a thresher—drier-mill operation
at the farmers' association level was conducted by Manilay
and Lorenzana (1984). About thirty six project alternatives
were considered in the feasibility study using several basic
case assumptions such as, a) the volume of paddy for milling
was 506 tons per year and was constant for 5 years; b) two
units of axial flow threshers operated for a duration of 120
days per year, 8 hours per day at 100% capacity utilization;
c) one unit of rice hull-feed batch dryer operated for 60 |
days during the wet seasons, at 10 hours a day, 100%
capacity utilization; d) threshing, drying and milling fee
computed as the cost per unit plus a 30% mark-up; and e) one
unit of a Thai village "Engleberg” mill operated for 126.5
and 109 days during the dry and wet seasons, respectively,
at 8 hours per day, 5 days a week. The project feasibility
was analyzed using an Internal Rate of Return method. The
main objective of the study was to present alternative cases
and their corresponding rate of return to investment., Only

in certain cases, reducing drying operations from 60 to 30
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days per year simulated the possiblity that some farmers
will still practice sundrying whenever the sun is available
during the wet season. However, this study did not consider
the stochastic nature of weather variables, the probabi-
listic demand of grain drying during sunny and non—sunny
days and management alternatives. Furthermore, the study did
not focus on the capacity design of the plant as it was
rather specific and deterministic in nature., The study also
did not present a model for designing and evaluating a
drying facility suitable for developing areas of the world.
In short, the literature search has revealed that
numerous research has been performed in developing grain
drying theories, methods, cost-benefit analyses and
feasibility studies of grain processing complexes. Only a
few reports have pointed out that there is a significant
effect of weather on design and economic performance of
grain drying systems in the developing countries. However,
a0 specific and complete report has yet been found that
adequately considers the effects of weather on grain drying

system design and management in the developing world.
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3., METHODOLCGY

A centralized grain drying system can be represented as
a process of interrelated operations (Fiqure 1). Weather
elements, such as solar radiation, air temperature, air
humidity, rainfall and wind have highly significant effects
on this process. The stochastic nature of these elements
makes the system difficult to analyze. The traditional
approach of breaking down the total system into sub-systems
for separate analysis proves to be inadequate. Evaluation of
the overall system response to any activity of the entire
drying system is very difficult to obtain without a model.
For example, decision to change the capacity of a grain
storage facility cannot be evaluated on the basis of the
effects on that particular facility alone. Related
economics, weather variables, management strategies and
physical impacts on all other components of the entire
drying process have to be considered in order to arrive at
the overall system response. Therefore, the system approach
has been followed in modeling the complex grain drying

system,
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Since a model is a simplified representation of a real
situation, it may not be valid (perfectly correct) under all
conditions, It is usually too costly and time consuming to
construct a model for all conditions. Thus, the following

assumptions have been considered to simplify this model.

l. Farmers sell their grain to the processing plant
when the weather is not favorable for on-farm
sundrying.

2, All grain is treated as a loss if it is kept beyond
the safe storage period.

3. The service area of the processing plant is
reasonably small so that the local transporta-
tion cost is insignificant when compared to the
value of grain losses,

4. The reliability of the drying plant is satisfac-
tory. In other words, there is no major plant

failure or breakdown during operation.,

The management strategies considered during development of

the model are as f£ollows:

1. Grain may be partially dried by the plant if the
grain can be redried later by natural sundrying or

by the plant or both.
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2. All stecred grain is scld to the market when a
better market price can be expected within a year.

3. Dry grain that cannot be stored due to limited
storage capacity is sold at a lower price to the

market immediately.

Since the socio-economic atmosphere and weather conditions
of the Philippines fairly represents the developing world,
necessary data from the Philippines have been utilized for
development and verification of the model. Model information

flow within the plant management is shown in Figure 2.

3.2 The General Structure of the Model

The model (WEGDM) consists of three major components,
namely, Simulation Program for Weather Variables (SPWV);
Simulation Program for Grainflow, Drying and Management
(SPGDM); and Simulation Program for Financial Analysis
(SPFA) . These are discussed in detail in the following
sections. A flow diagram of the complete model is shown in
Figure 3 and the computer program in FORTRAN 77 language of
the entire model is listed in Appendix L. The model has been
developed with a view to satisfy the objectives of the study
only. Three criteria that are most frequently considered to

determine the profitability of an investment project are the
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payback period, the internal rate of return and the net
present value (discounted present value). Among these
commonly used investment decision-making criteria, the Net
Present Value (NPV) of cash flow seems to be very appro-
priate to the system to be analyzed. The payback period
criterion is a crude rule of thumb and does not have any
decision power in evaluating a single project where there is
no scope of project comparison, On the other hand, the
marginal efficiency of investment or internal rate of return
is computationally more difficult when compared to other
investment decision-making methods. Thus, the Net Present
Value (NPV) of cash flow is considered as the design and
investment criterion of the model. It is used as the basis
to determine the optimum size of the plant and to assess the
profitability of the investment. The key part of the overall

criterion is;

Maximize NPV = |  =——=—-- + - + - - INF - LAN
with respect i=1 (l+r)i (1+r) N (1+r)N

to Dr, Z and We

where,

Dy Drying capacity of the plant, m3/tg hr

Initial investment in equipment and

INF
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facilities, M (Money unit)

LAN = Initial land value, M

N = Number of simulated year, yr

NCF(i) = Net cash flow for the year i, M

PSV = Plant salvage vaiue at the end of Nth
year, M

r = Interest rate, decimal

VL = Value of land at the end of Nth year, M

(See Appendix C equation 37)

We = Weather

Z = Storage capacity for dry grain, m3

The model generates weather variables; determines the amount
of harvested grain, moisture content of the grain and
grainflow; and calculates costs and grain losses necessary
to analyze the grain proceésing system. The principle used
in modeling the grain drying system is to dry the grain at a
specified time period (input variable). Since drying depends
on air flow rate, the grain is dried in the specified time
by controlling air flow rate through the grain bin,

Based on prior harvest information and intuitive judge-
ment, initial values are assigned to the drying and storage
capacities for optimizing the system. For a specific weather
pattern, the NPV of cash flow corresponding to the drying

and storage capacities, keeping other variables fixed, is
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calculated, A series of NFVs are calculated for each
combination of drying and storage capacity of the plant
(Figure 3) . A potential optimum drying and a potential
optimum storage capacity of the plant may be obtained at the
maximum NPV of cash flow~-for a specific weather pattern.
The term 'potential optimum® refers to optimum capacity of
the facilities for a particular weather pattern. These
values might. change with the change of weather pattern but
possess the potential power to be the optimum. Keeping the
storage capacity to this potential optimum level, the
process is repeated to get different potential optimum
drying capacities for each different weather pattern. The
different weather pattern may be generated using randomly
selected DSEED in the random variable generation process.
The variances of NIWs (NPVs are obtained at different
weather patterns) correspohding to each of the potential
optimum drying capacities are calculated. The optimum drying
capacity of the plant could be found at the minimum variance
(i.e., at minimum weather effect) of NFVs. To the obtain
optimum storage capacity of the plant, storage capacity is
varied, keeping the optimum drying capacity fixed along with
the corresponding weather pattern, A series of NFVs are
calculated. The optimum storage size could be obtained at

the maximum NPV of cash flow.
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3.2,1 Simulation Program for Weather Variables (SPWV)

The purpose of this program is to simulate necessary
weather variables. It determines historical sun-no sun days,
harvest—-no harvest days and wind-no wind days, based on
critical levels (A, B, C, D and E in Figure 4) of rainfall,
solar radiation and wind speed. These critical levels are
selected through extensive study of historical weather data,
field experience and intuitive judgement. The program SPWV
generates sun-no sun days for grain drying, harvest-no
harvest (work-no work) days and wind-no wind days for grain
harvesting, using Markov Transition Probabilities. The
program itself is capable of calculating Markov Transition
Probabilities and in order to do so, a vast amount of
historical weather data is needed. Input weather variables
used by the program are daily maximum and minimum air
temperatures, daily mean air relative humidity, daily
rainfall, daily solar radiation and daily wind speed. The
simulation flow diagrams of the SPWV program are shown in
Figure 5, Figure 6 and Figure 7.

Historical daily air temperature and relative humidity
have been utilized directly in this analysis. However, the
SPWV is flexible enough to generate air temperature and
relative humidity using fitted probability distribution to

the observed data. An optional subprogram has been



e YEAR = YEAR + 1

!

DAY = DAY + 1

']
READ :

A. DAILY WEATHER DATA
1. YEAR, MONTH AND DAY
2. MAXIMUM AND MINIMUM

AIR TEMPERATURES

R.H, OF AIR

SOLAR RADIATION,

RAINFALL & WIND SPEED

B. CRITICAL LEVELS OF

A, B, C, D&E

1

DETERMINE AND STORE :
SUN AND NO-SUN DAY

FOR GRAIN DRYING.

SUN DAY IF 1. RAIN <A
2. SOLAR RADIATION >B

!

DETERMINE AND STORE :
HARVEST AND NO-HARVEST
DAY
HARVEST DAY IF 1. RAINLC
2. SOLAR RADIATION >0

W

DETERMINE AND STORE :
WIND AND NO-WIND DAY
FOR GRAIN HARVEST.
WIND DAY IF
WIND SPEED > E

ANOTHER DAY ?

RETURN

Figure 4 The Flow Diagram for Simulating Sun~No Sun Days,
Harvest—-No Harvest Days and Wind-No Wind Days



START
= (D
L o/

———-wiLEAR=YEAR+1]
v

o DAY = DAY + 1]
¥

READ SUN AND
NG SUN DAY

NO

YES
UN SUM = SUM + 1 SUM = SUM + 1
< TOMORROMW ‘ P
? (SUN-NO SUN) (NO SULN-NO SUN)
£S:
SUM = SUM + 1 SUM = SUM + 1
(SUN-SUN) (NO SUN-SUN)
i r

——l DAY = DAY + | |
7

CALCULATE & STORE
MARKOV
TRANSITION
PROBABILITIES

SET
SUN = HARVEST
NO SUN=NQ HARVEST

Figure 5 The Flow Diagram for Calculation of Markov
Transition Probabilities of Sun-No Sun Days,
Harvest-No Harvest Days and Wind-No Wind Days
~~the BREAK Subroutine

36



START .
) o
; )
READ MARKOV TRANSITION

PROBABILITIES FOR SUN
AND NO SUN DAYS

Y
DETERMINE INITIAL SUN
OR NO SUN STATE BY
CALLING RANDOM
NUMBER GENERATOR

uL YEAR = YEAR + 1
¥

 — DAY = DAY + 1
Y

GENERATE RANDOM
NUMBER(RN) BETWEEN
ZERO AND ONE

SUN DAY
INDICATED BY 1

““RN > PROBLTY ?
(RN > P(i,2))

NO SUN DAY
INDICATED BY O

Figqure 6 The Flow Diagram £for Generation of Sun-No Sun
Days, Harvest-No Harvest Days and Wind-No Wind

Days--the STATE Subroutine (cont.)



38

SET

SUN = HARVEST

NO SUN

NO HARVEST

" CONTINUE ?

¥
SET

SUN = WIND

NG WIND

NO SUN

RETURN
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incorporated into the SPFWV program to make the model
operational in a locality where discontinuous or missing
historical data exists. The appropriate monthly probability
distributions are fitted (Table 2 and Appendix D) to the
observed air temperature data with the help of the
interactive computer package--UNIFIT (Law et al.,, 1983).
Based on the nature of histogram of observed monthly air
temperatures, eight potential standard probablility
distributions (Normal, Logistic, Extreme Value Type A,
Extreme Value Type B, Weibull, Lognormal, Inverse Gausian
and Gamma) are selected. Only these distributions are fitted
to the observed data. From a cursory analysis of the eight
distributions based on relative discrepancies from straight
line (Probability-Probability Plot and Quantile-quantile
Plot) and model test comparisons (CH:-square, Kolmogorov-
Smirnov and Anderson-Darling), the best fit of the eight
distributions may be selected. Using the best fitted
distributions, the program (Figure 7) can simulate daily air
temperature necessary for grain drying. Relative humidity of
air could be generated by using the fitted regression model
(Table 3) relative humidity of air and temperature, This
data is needed to simulate energy cost of grain drying and

to determine the safe storage life of the grain.



Table 2 The Fitted Probability Distributions to Daily Air Temperature (0¢C)

in Los Banos, Philippines from 1959-1983

Month Fitted

Location Scale Shape CH I- Square Degree of
Distribution Parameter Parameter Parameter Value Freedom
January Logistic 24,9499 0.698483 - 38.1587 22
February Weibull 0.0000 25.958000 23.78950 11.0524 22
March Weibull 21.3445 5.7926 80 4.65088 16.7445 21
April Weibull 0.0000 28,753500 32.64760 33.8690 22
May Weibull 0.0000 29.408000 29.18990 38.2516 22
June Logistic 28,3008 0.623223 - 34.1759 22
July Weibull 22,8514 - 5,130380 5.29442 21,5754 21
August Logistic 27 .4519 0.596543 - 39.3625 22
September Logistic 27 .3650 0.555387 - 37 .5198 22
October Weibull 0.0000 27 .417800 33.00840 23,2941 22
November Weibull 0.0000 26 .847500 29.28840 27 .7439 22
December Weibull 21.1176 4,818930 4.28437 25.1987 21



Table 3 The Fitted Regression Model to Weekly Air Relative Humidity

and Temperature in Los Banos, Philippines from 1959-1983

Month Regression Model R2 F Sy.x

February to April RH = 39.53 4+ 1022.300 ™1 0.8856 85.164 0.700
(110.78)

May to October RE = 185,82 - 3.699 T 0.8595 146.761 1.017
(0.30)

November to January RH = 115,31 - 793.540 T™1 ¢.5436 11.911  0.826
(229.93)

RH = Relative humidity of air (8) ; T = Air temperature (0C)

A
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3.2.2 Simulation Program for Grainflow, Drying and
Management (SPGDM)

The program SPGDM has been designed to simulate
necessary cost information that is needed for financial
evaluation of the plant by the Simulation Program for
Financial Analysis (SPFA). It simulates the amount of grain
flow and its movement as shown in Figure 1. The program can
calculate all possible grain losses during processing and
handling. The losses considered by the model are: grain loss
if it is kept beyond its safe storage period, grain loss due
to limited capacity of the dryer and loss due to the limited
capacity of grain storage. In addition, it simulates and
gathers information regarding costs such as the energy cost
of grain drying, the cost of operating the fan-motor system,
the cost of elevating/convéying the grain, the cost of grain
drying by natural sundrying and labor costs. The models used
for these cost computations are shown in Appendix A. The
simulation flow diagrams used in the SPGDM program are shown

in Figure 9, Figure 10, Figure 11, Figqure 12 and Fiqure 13,

3.2.2.1 Harvesting Model

The harvesting model simulates the daily amount of

grain harvested in a hirvesting day (working day), using
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mean land productivity and the daily total area harvested
within the service area of the plant. The program SPWV
generates harvest-no harvest days based on critical levels
of rainfall and solar radiation, using Markov Transition
Probabilities, However, a day is also considered suitable
for harvest if the following day is windy. Due to lack of
historical data or an appropriate model, the daily area
harvested is determined from a hypothetical model as shown
in Figure 8. The model assumes that during peak harvest the
area harvested per day is constant because of the limitation
of resources, such as labor. The mean percentage of area
harvested and the mean percentage of harvesting days in each
harvesting season in a year may be gathered from interviews
with the farmers. The program SPGDM is quite capable of
calculating the amount of grain harvested within the service
area of the plant in a harvesting day. The detail of the

model is discussed in Appendix B.

3.2.2.2 Moisture Content Model

A moisture content model is designed to simulate the
moisture content of the grain at harvest. The behavior of
moisture content of the grain depends largely on plant
physiology, soil parameters, weather, the planting and the

harvesting date and is very difficult to estimate correctly.
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Due to lack of historical data or an appropriate model for
estimation of stochastic variation of moisture content of
the grain for the entire service area of the plant, a simple
model based on the assumption of a uniform distribution has

been used to simulate the moisture content of the grain at

harvest.

The moisture content of the grain at harvest =
minimur moisture content + (maximum moisture content -

minimum moisture content) * random number

The mean maximum and the mean minimum moisture content of
the grain (paddy) during harvesting season in this study are
30% db and 26% db respectively, which have been gathered
from a research report of Habito and Duff (1979) (Appendix
F). The program assumes moisture content of the grain to be
at the maximum value, if a rainy day is observed prior to

harvest.

3.2.2.3 Calculation of Grain Losses

Grain is considered a loss if it is kept beyond its
safe storage period. The model for safe storage period of
the grain determines the number of days that the grain could

be stored safely. Grain losses may be observed due to the
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limited drying and storage capacities of the plant, The
SPGDM prgram is capable of calculating these losses. In
addition, it also calculates drying and handling losses as a
fraction of the total processed grain. Figqure 11, Figure 12,
and Figure 13 show the logic behind the grain loss

computation,

3.2.2.4 Model for Safe Storage Life of Grain

The temperature and moisture content together largely
determine the safe storage life of the grain. proportion of
kernels infected by fungi and the degree to which they are
infected, Previous storage conditions, cleanliness of the
grain, insect and mite infestation may also affect safe
storage life of the grain. Based on the studies of
Christensen (1974, p.354), a simple model for safe storage
of the grain as a function of grain temperature and moisture

content is developed.

Ln S, = 28.964 - 6.6581 Ln Mg -~ 2.0393 Ln Tg
(0.1462) (0.0807)

(R2 = 0.9908, F = 1345.809, Sy_x = 0.1567)

where,

Ma = Average grain moisture content, % db



S, Safe storage life of grain, day

Tq Grain temperature, 0C

In general, this model can be rearranged as follows.

SL = aMaU(Ta+ tg)v
where,
Ta = Ambient air temperature, 0C
tg = Mean grain temperature above ambient,
Oc
a = 379.23 * 1010
u = -6,6581
v = =2,0393

The mean grain temperature above ambient for paddy, tg = 3

0C, has been gathered from a research report by Koh (1981,

p.83).

3.2.2.5 Model for Pressure Drop Through Grain

The pressure drop through a grain mass inside a drying

bin depends on air flow rate, cross-sectional area of the
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bin, depth of the grain, grain moisture content, cleanliness
of the grain and how loosely the grain is packed, A model of
pressure drop through the grain has been estimated using the
information available in the Agricultural Engineering
Yearbook (1982, p.319). The estimated regression model for

pressure drop per unit depth of wet paddy, loosely filled

inside the dryer is;

Ln Dp = 8.2032 + 1.1867 Ln Q
(0.0176)
(R2 = 0.998, F = 4542.796, Sy.x = 0.0506)

where,
Dp = Pressure drop through grain per unit
depth of grain, Pa/m
Q = Air flow rate through grain, m3/m2-s

The general form of the mcdel may be as follows;

where,
q = A constant (for paddy, q = 3652.62)
y = A constant (for paddy, y = 1.18687)
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3.2.3 Simulation Program for Financial Analysis (SPFA)

The purpose of this computer program is to evaluate the
yearly income and cost during the simulated years. This
program calculates fixed cost of the plant, cost due to
grain loss, purchase cost of wet grain and partially dried
grain and revenue from dry grain sale. It also determines
investment cost of the entire plant which includes the
initial cost of equipment, storage cost, cost of the
concrete platform and the land cost. This program receives
operating cost information such as the energy cost of grain
drying and handling, cost due to the loss of wet grain and
labor cost from the SPGDM program., Cost items are deducted
from revenue to determine the net cash flow., The model used

here to calculate the net cash flow is (Leung, 1977, p.42);

NCF = (TR- TC-Dg) * (1-CT) + De
where,
CT = Corporate tax, decimal
De = VYearly depreciation on facilities and

equipment, M/yr
NCF = Net cash flow, M/yr

TC Total cost, M/yr

Total revenue, M/yr

3
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The Net Present Value (NFV) is used as the basis to
determine the optimum size of the plant and to assess the
profitability of the investment. The formula for determining

net present value is:

N NCF(1i) PSV VL
NWW = | e————- +  —mem—— + m—e——— - INF - LAN
i=1 (1+r)i (1+r)N (1+r)N
where,
INF = Initial investment in equipment and
facilities, M
LAN = Initial land value, M
N = Number of simulated year, yr

NCF(i)= Net cash flow for the year i, M

PSv = Plant salvage value at the end of
Nth year, M
r = Interest rate, decimal

In addition, a Benefit Cost (B/C) ratio is calculated as;
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Feasible investment is denoted by a positive Net Present
Value or a B/C ratio greater than one at the end of the
evaluation period. The formulae used by the Simulation
Program for Financial Anaysis (SPFA) for fixed cost

calculations are shown in Appendix C.

3.2.4 Model Operation Requirement

The main program with 23 subroutine subprograms written
in FORTRAN 77 language was compiled, loaded and run on an
IBM 3081 machine in the University of Hawaii Computing
Center. Compilation of the program requires 524 K core and
3.45 seconds of computer time, Total time and core require-
ments are dependent on the way (alternative choice) the
drying system would be anaiyzed. The execution of the
program usually requires 4108 K of core and 6.66 seconds of
computer time, Essentially no advanced computer knowledge is
necessary to use this program. However, basic computer

programming knowledge would be helpful in using the model,
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4., THE MODEL CUTPUTS

4.1 System Design--Searching for the Optimum Combination of
Facility Sizes

Since simulation does not provide any optimization
power, searching for the optimum combination of drying and
storage facilities of the plant has to be performed in an
iterative manner. This usually requires a large number of
simulation runs. The number of computer runs mav be
significantly reduced by intuitive judgement and good
understanding of the system being analyzed. The model is
capable of providing potential users an intuitive feeling of
the situation involved and hence react accordingly.

To get the optimum capacities of the plant, initially,
two reasonable levels of these important facilities of the
plant were chosen--one for storage size, another for drying
capacity of the plant. Both levels were selected
intuitively, based on prior information on the pattern of
the grain harvest., Keeping the storage size fixed (in this
case 500.0) the dryer capacity was varied under a specific
weather pattern (weather pattern 1¥*). The computer program

* See Appendix E for definition of weather pattern
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was run for each level of the dryer capacity until the
maximum Net Present Value (NPV) of cash flow was reached,
Table 4 shows that this was achieved at the dryer capacity
of 31.5 m3/8 hr. The grain loss information of the model
output was adequate enough to indicate which direction the
facility size should be varied. Then, keeping the drying
capacity fixed at 31.5 m3/8 hr, the storage level was varied
until the maximum Net Present Value (NFV) of cash flow was
reached. For the specific weather pattern, a potential
optimum drying and a potential optimum storage capacity were
obtained at 31.5 m3/8 hr and 545.5 m3, respectively. It was
observed that the storage capacity had a very insigni-
ficant effect on the NPV cf cash flow (Table 4). This
reveals the fact that revenue loss due to limited storage
capacity is negligible. The revenue loss has been defined
here as a loss of revenue when the plant management has to
sell their dry grain to the market at a lower price
immediately after drying, due to limited storage capacity.
Keeping the storage level fixed at 545.5 m3, eight potential
optimum levels of drying capacities were obtained for eight
different weather patterns (Table 5). The effects of weather
on drying capacities and NPVs at a storage capacity of 545.5
m3 are shown in Figure 14. The variances of NWs (NIVs are
calculated for eight different weather patterns) correspond-

ing to each of the potential optimum drying capacities were
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calculated. The optimum drying capacity, 37.0 m3/8 hr, was
found at the minimum variance of NFVs (Table 5). In other
words, the grain processing plant with the optimum drying
capacity of 37.0 m3/8 hr had minimum weather effects. Then
keeping the optimum drying capacity fixed at 37.0 m3/8 hr
along with the corresponding weather pattern (weather
pattern 5), the storage capacity was varied until the
maximum NPV of cash flow was reached. The optimum storage
capacity was obtained at 579.0 m3 (Table 6). The optimum
combination of drying and storage capacities of the drying
plant and the effects of change of drying capacity are shown
in Figure 15. The figure explains the fact that the grain
loss decreased gradually as the drying capacity increased up
to the optimum point., Thus, the Net Present Value (NPV) of
the cash flow gradually increased up to the point of
optimization. However, it fell beyond this point. This was
due to the higher unit cost of the dryer than the value of
the grain saved. For the same reason, it was observed that
grain loss persisted even at the optimum capacity of the
plant (Appendix K). Other design information at the optimum
capacity of the plant are shown in Appendix K. The Net
Present Value (NPV) of cash flow and the Benefit Cost (B/C)
ratio indicated that investment in a grain (paddy) drying
plant in Los Banos under risky weather conditions was

economically feasible,



Table 4

The Net Present Value (NPV) of Cash Flow Corresponding to the Drying and Storage

Capacities of the Plant for Weather pattern 1

500.0 540.0 545.0 545.4 545.5 545.6 546 .0 550.0 570.0

prying T
Capacity

(m3/8 hr)

28.00 413817 .44 416907 .19

29.00 424260.12

30.00 429948.31 433260.00

31.00 434922 .94 438322.31

31.25 436980 .44 440402.00

31.40 43726 8.50 440707 .25 440703.19 440699.75

31.50 438163.62 441573.94 441602.25 441604.56 441604.87 441603.62 441587.69 441432,31 440537.19
31.60 437681 .56 441122.12 441122.12 441123.19

31.75 437526 .69 440967.12

32.00 436329.19 439768.87

32.50 439088.44

33.00 433389 .44 436829.12

34.00 434700.12

€9



Table 5 The NPVs Versus Potential Optimum Drying Capacities at Different Weather Patterns
for a Storage Capacity of 545.5 m3

1 2 3 4 5 6 7 8

$ of no sunny day

during harvesting 39,57 41 .44 41 .21 41.74 40.30 43 .18 41 .82 41 .82

seasons

% of harvest da

during harvesting 70.91 66.97 67 .88 66 .52 69.24 66.97 68.48 67.05

seasons

Total no. of

no sun-no sun

sequence during 240 251 255 255 256 276 276 285

harvesting

seasons

taximum no, of

successive

no sun days 8 9 9 9 10 11 12 15

during harvesting

seasons

Potential optimum Variance of

drying capacity NPVs

(m3/8 hr)

31.50 441604,87 434348.19 463530.87 525085.31 384257.50 512300.44 319446.12 399002.31 4.59*109
34.00 434700.12 466452,12 484476.23 529976.22 404919.69 528989.33 358778.15 425561.19 3.59*109
35.00 430253 .12 465695.75 487330,87 531357.87 407658.25 530576.75 372279.31 432745.62 3.26*109
35.50 427800.00 463865.94 485621.28 531404,.87 411560.78 531112.,18 395882.06 433200.08 2.69%109
37.00 419414 .37 462461.06 483322.69 527382.69 415283.06 533210.06 402679.00 434694.56 2.57*109
37.50 416718.00 460952.19 481864.69 525171.69 414423.56 533762,19 404716.56 435892.19 2.60%109
40 .50 393763.44 442324.37 468896.19 520461.19 393355.94 528367.37 410704.75 440887.19 2.78*109

42.00 380821.19 428993.31 460374.94 512204.94 383998.31 523723.44 410127.12 442298,69 2.89*109



Table 6

The Net Present Value (NPV) of Cash Flow Corresponding to the Drying and Storage

Capacities of the Plant for Weather Pattern 5

Storage Capacity (m3)

545 .5 570.0 574.0 576.0 578.0
Drying T
75 br)
31.0 376198 .44
33.0 395355.06 396078.19
35.0 407658.25 408703 ,81
36.0 413289 .44 414855 .12
415283.,06 416544.31 416712.44 416797.44 416881.56
38.0 411329.62 413059,06
39.0 405780 .06
40.0 396564.06 358543 .87
41,0 392021,50
43 .0 375273.25 377066 .25

580.0

416856 .94 416796.69 416736.00 416616.06
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Figure 14 The NPVB Versus Drying Capacities for Different
Weather Patterns at 545.5 m3 of Storage Capacity
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Figure 15 The NFVs Versus Drying Capacities for Weather
Pattern 5 at 579.0 m3 of Storage Capacity
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4,2 Sensitivity Analyses and Model Verification

Sensitivity analyses of the model with respect to
several important controllable and uncontrollable variables
of the system were performed primarily for two reasons,
First, to study the behavior of the system due to change of
some uncontrollable variables involved in the system and
second, to study the outputs of the model at different
levels of alternative variables thereby verifying the model.
Although a large number of variables and parameters are
involved in the grain drying system, only a few important
variables may significantly affect the system. The behavior
of the system to important alternative variables and
parameters as studied here indicated that the developed
model is adequately verified and operational.

The effects of change of drying capacity on grain loss
were evaluated at a fixed storage level of 579.0 m3 (optimum
size) for different drying capacities. The results (Figure
16 and Figure 17) show that as the dryer capacity increased
the grain loss decreased. On the other hand, the investment
cost increased as the dryer capacity increased (Figure 17).
The same kind of effects on revenue loss due to change of
storage capacity at a fixed drying capacity of 37.0 m3/8 hr
(optimum size) were observed (Figure 18).

The interest rate of 11% was gathered from a report of
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the Asian Development Bank (19282) and was utilized in this
study for optimization of the plant. The effects of interest
rates on the grain drying system were evaluated at five
different levels of interest rates. The results in Table 8
show that the interest rates played a significant role in
the plant economy. Thus, careful attention must be paid in
using the interest rate while analyzing the grain drying
systems, Table 9 shows the effects of proportional decrease
and increase of the market price for all moisture categories
of the grain (paddy). The economic performance of the plant
was highly effected due to the change of market price of the
grain, The NPV and B/C ratio increased as the market price
of paddy increased. In other words, the drying plant became
financially more efficient as the market price of the grain
increased. On the other hand, the NPV and the B/C ratio
decreased as the grain price decreased. This indicated that
the plant became more uneconomical as the market price of
paddy decreased.

One of the most important variables involved in a drain
drying system is the land productivity. The results shown in
Table 10 indicate that land productivity had a significant
effect on economic performance of the plant. As the grain
yield decreased, the NPV also decreased. This revealed the
fact that the plant was underutilized--the fixed cost of the

plant was higher. On the other hand, the NFW of cash flow
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increased as the grain yield increased, however, it started
declining with further increase in grain yield. Again, this
explained the fact that the plant had inadequate capacity
with further increase in grain yield and consequently more
grain losses were incurred. The same kind of effects were
observed due to the change of the service area of the plant
(Table 11). The effects of change of the service area of the
plant indicate that the model is not only suitable for
designing a centralized grain drying system but also
appropriate for designing a dryer for an individual farm,

Another important variable that may affect designing a
grain drying plant is the use of individual dryers within
the service area of the plant. The results shown in Table 12
clearly indicate that establishment of a drying plant might
not be feasible if there were individual dryers presently in
use inside the service area of the plant.

Perhaps, the most important uncontrollable variable
affecting design and operation of a grain drying plant in
the developing countries is the weather. The model itself is
capable of simulating the stochastic nature of weather
elements. The simulated results due to change in the number
of sunny days during harvesting seasons are presented in
Table 13. The results show that design and economic
performance of a drying plant were highly affected by

weather. Furthermore, Table 5 indicates that as the weather



Table 7 The Optimum Drying and Storage Capacities When Grain

Loss is Zero

Grain loss PV (NCF) NPV B/C Dryer Storage Investment
(m3) (Peso) (Peso} capacity capacity cost
(m3/8 hr) (m3) (Peso)
0.0 976522.75 169113.31 1.20 49 .00 990.75 807409 .44

Table 8 Effects of Different Interest Rates

7 9 11* 13 15
PV {NCF) 1531947.00 1246665.00 1029524 .50 861172.19 728508.69
NPV 919310.81 634028.81 416888.31 248536 .00 115872.50
B/c 2.48 2.02 1.67 1.40 1.18

* This figure has been used in the optimization of the plant

1A



Table 9 Effects of Change of Market Price of All

Moisture Categories of the Grain (Paddy)

% Decrease/increase PV (NCF) NPV B/C
in market price of
the gfain(paddy) (Peso) (Peso)
-40 1 425667.12 -186969.06 0.69
-30 560772.06 -51864.12 0.921
-20 708216 .06 95579.87 1.15
=10 862586.19 249950.00 1.40
o* 1029524.50 416888.31 1.67
10 1220060.00 607423 .81 1.98
20 1433490.00 820853 .81 2.33
30 1660993 .00 1048356 .81 2.70
40 1895968.00 1283271.00 3.08

* This figure has been used in the optimization of the plant

G/



Table 10 Effects of Change of Land Productivity

2.0 3.0 3,57* 5.0 6.0
FV (NCF) 421183.37 822903.50 1029524.,50 1156427.00 1027556.00
NPV ~174299.56 216544 .44 416888.31 528043 .12 388159.75
B/C 0.70 1.35 1.67 1.83 1.60

* This figure has been used in the optimization of the plant

Table 11 Effects of Change of Service Area of the Plant

e o (e e e o S o o o o o T o e T S o o PR P e e 0w O e

Service area of the plant (actual productive land) (ha)

PV (NCF) ~-75888.62 475553 .44 1029524.50 1156804.00 934398.75
NPV -§58083.00 -121396 .81 416888.31 528442.12 290311.19
B/C -0.12 0.79 1.67 1.83 1.44

* this figure has been used in the optimization of the plant

9.



Table 12 Effects of Use of Individual Grain Dryers Within

the Service Area of the Plant

e et e T B > v T — f———— —— ——— T T YA g T WS S s S . - g G G - — — — T S G — (RS G G S GRS G G S e G S e G — W G G -

Total daily drying capacity of the dryers presently

used within the service area of the plant, TDD (m3/day)

0.0* 10.0 20.0 30.0
PV ( NCF) 1029524 .50 788377 .12 553311.56 331516.69
NPV 416888.31 179236 .94 -52332.62 ~-270631.50
B/C 1.67 1.29 0.91 0.55

* This figure has been used in the optimization of the plant

LL



Table 13 Eff ects of Change of Weather : Change in the Number

of Sunny Days During Harvesting Seasons

o G G G > - — — A — . S S @ G G G e (e S e G S MR SR GTE G G GLE G G Y f TS S e G GE St e G G S G W G e

Critical level of solar radiation for determination of

sun-no sun day, B (Cal/cm2/day)

o ————— — T (e - - S i T L G S Gt e G - G i g i v . S it G S D S St GAa G TS M S i S S A S e S G S i e S S f—— v . A f—— ——

PV (NCF) 624187.75 774743 .37 1029524 .50 1783855.00 -537450 .94
NPV 11551.56 162107 .19 416888.31 1171218.00 -1150087.00
B/C 1.01 1.26 1.67 2.89 ~0.86

i s g e - — — ——— G — G S S G S — . SIS e G - - G e G S G i G e G G G S G SeS G Y G . S gL M WD MRS GE G S S e S LS Tem - G S v S S = -

* This figure has been used in the optimization of the plant

8.
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pattern changed, the potential optimum drying capacity
changed. A relationship between the potential optimum drying
capacity and the weather pattern was cbtained and is

expressed by a regression model as follows,

Dpr = = 0.36096 + 0.11317 Ng + 0.7098 Np
(0.0735) (0.5001)

(R2 = 0.9253, F = 30.95, Sy.x = 1.10)

Dpr = Potential optimum drying capacity, m3/8 hr

Nm = Maximum number of successive no sunny days
during harvesting seasons of entire simulated
period,

Ng = Number of sequences of no sun today and
no sun tomorrow during harvesting seasons of

entire simulated period.

The values of Ng and Np both had positive effects on the
potential optimum drying capacity of the plant. However,
Table 5 shows that the percentage of no sunny days during
harvesting seasons of the entire simulated period had little
effect on potential optimum drying capacity of the plant. It
reveals the fact that the optimum drying capacity

largely depends on the sequence of successive no sunny days
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rather than total number of no sunny days. Thus, in
designing a grain drying plant, especially in developing
countries, the stochastic nature of weather must not be
ignored.

The design and economic operation of the processing
plant might also be affected by management policies. One of
the important management alternatives is to dry grain
partially (by the plant) to a certain level of moisture
content. The effects of change of moisture content level for
partial drying of the grain were studied with six different
moisture levels. The maximum NPV -as found at 416888.31
pesos* (Table 14), when grain was dried partially by the
plant to a level of 20% db. However, the global maximum NPV
was obtained at 754880.12 pesos*, when grain was dried at
once by the plant to the safe storage moisture level of 14%
db. This maximum NPV was observed mainly due to the lower
investment cost, consequently the lower fixed cost of the
plant (note: in this case no investment cost of concrete
platform for natural sundrying of the grain was needed)
(Table 14).

The farmer's decision to sell grain to the processing
plant also had a significant effect in design, operation and

economic performance of the plant (Table 15), The symbol

* 1982 value, US $ 1.00 = 8.69 pesos; source: Asian
Development Bank (1982) .
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RFD, as shown in Table 15 is-'a decision indicator of grain
sale by the farmers to the plant management. The value KFD = 1
means that the farmers wait only one future day (total two
days) to have a sunny day after harvest, before they sell
their grain. The value KFD = 2 means that the farmers wait
only two future days (total three days) to have a sunny day
after harvest, before they sell their grain. However,
statistics (Christensen, 1974, p.354) show that in some
cases grain is subjected to total loss within 24 hours after
harvest. Of course, it largely depends on grain temperature,
ambient temperature and the moisture content of the harvest-
ed grain. Thus, the probability of selling wet grain before
it deteriorates is higher in the former (KFD = 1) than the
later (KFD = 2).

A continuous weather data of 25 years (1959 to 1983)
from Los Banos, Philippines has been used to study the
behavior of a grain drying system. However, in the
developing world, it is not unlikely to observe disconti-
nuous weather data throughout a fairly long period of time,
The effect of the use of discontinuous data on the behavior
of the system has also been studied. Weather data of 3 years
(1960, 1974 and 1982) was selected randomly and was used to
study the behavior of the system. The appropriate monthly
probability distributions (Table 16 and Appendix D) were

fitted to these discontinuous air temperature data using
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UNIFIT (Law et al., 1983). The relative humidity of air was
generated by using fitted regression models (Table 17).
Table 2 and Table 16 indicate that probability distributions
for the month of January, June, July, August, September,
November and December were found to be different. The use of
discontinuous weather dai-a (input data) had little effect on
economic performance of the grain drying system. The NFV
changed from 416888,31 pesos to 415684.19 pesos, the
benefit-cost ratio changed from 1.67 to 1.68 (Table 18).
Table 18 also indicates that no significant differences of
NPVs were observed between direct use of historical weather
data and the use of fitted distributions with continuous
weather data. The effects of change of some management
variables have also been studied and the results are shown
in Table 19 and Table 20. These tables also indicate that

the developed model is adequately verified.



Table 14

Effects of Change of Moisture Content Level for

Partial Drying of the Grain (Paddy) by the Plant

Moisture Content of the Grain (Paddy) for Partial

drying by the plant (% db)

0t gy g - e S G G T Y G e G G S e GES TEE G G S R Vb Gun e SEN S s G S G Gun GEn G Gun GRS b GRS Gu GFD GEN G Sl S GHD G D e G GAS e S GG G DR PED S S S e S G G G St e G S St CAS S e G S S S -

PV (NCF)
NPV
IC
FC
vC

B/C

1180759.00
754880 .12
425878.87
988273.90
979411.71

2.76

963006 .25

350374.94

612631.31

1308938.20
1193408.10
1.56

1011328.69
398694 .94
612633.75

1308944.60

1071667 .80

1.64

1029524.50
416888.31
612636 .19

1308952.10

1028211.90

1.67

967648.50
355009.87
612638.62
1308958.50
1181840.60

1.57

775763 .56
163122 .50
612641 .06
1308965.10
1664065.20

1.26

B e G e . e . e T Tt G i e e " T — gt o B G2 ——— ———— T A S f— — — — — - S S i T S f— G St b o W e S St S W B G S S 2 I S S V—— - - ————

* Safe moisture content

** This figure has been

for storage
used in the

optimization of the plant
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Table 15 Effects of Change of Farmers Decision to

Sell Grain to the Processing Plant

RFD¥
1** 2
PV (NCF) 1029524 .50 415877 .50
NPV 416888.31 -196758.69
B/C 1.67 0.68

* KFD is the number of future bad weather day({s) that
farmers may wait for sundrying before they decide to
sell their grain to the plant

** This figure has been used in the optimization of the plant
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Month
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January
February
March
April
May

June
July

August

September
October

November

December

16 The Fitted Probability Distribution to Daily Air Temperature (0C)

in Los Banos,

Fitted

Distribution

Normal

Weibull
Weibull
Weibull
Weibull
Weibull

Logistic

Extreme Value

Type A

Normal

Weibull

Extreme Value

Type A

Logistic

L.ocation

Parameter

24.7502
0.0000
0.0000
0.0000
0.0000
0.0000

27.7225

28.0065
27.3307
0.0000

26 .9018
25.9447

Scale

Parameter

1.134970
26.012400
27 .346100
28.877400
29.071300
28.941500

0.479180

0.978599
0.837651
27 .334000

0.77936
0.61264

Shape

Parameter

24.,53820
26 .82450
37.30410
31.77100
27 .46600

31.50670

Philippines for 1960, 1974 and 1982.

CH I-Square

Value

14,0322
13.5238
16.3548
19.1999

8.9999
18.8000

8.2257

19.0644
7.5999
15.9677

13.6000
20.9999

Degree of

Freedom

15
15
15



Table 17 The Fitted Regression Model to Weekly Air Relative Humidity and

Temperature in Los Banos, Philippines for 1960, 1974 and 1982

— e, S G G T G O S G Y — G G — G G G S S GEr G Gt G S G G SET e G IV (A A Tt e S G (M G i G e G G S Go Gan Gme S G G T Gt G W Sre S Goa e Grn e S B S o W

Month Regression Model R2 F Sy. x

January to March RH = 140.90 - 2.3597 T 0.6486 20.305 1.9417
(0.523)

April to September RH = -15.85 + 2719.70 T-1 0.5366 27.796 2.0389
(515.86)

October to December RH = 99 .87 - 417 .14 11 0.5250 10.288 1.6736
» (197.36)

—— O . e P S Gme D me Gn GTR G D D Gee GE G G G G TS ST G A G Gh S G G T e Eae G GUY G GES 6 I Shw S B GAS Gu GET G Gwe GE G g i G G S G WP Get Gue S G e P Coe G G e G S — ——

RH = Relative humidity of air (%) ; T = Air temperature (0C)
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Table 18 Effects of Use of Generated Weather Data Using

Fitted Probability Distributions

KWD**

1*** 2
EV (NCF) 1029524.50 10158090.00.
NPV 416888.31 403163 .81
B/C 1.67 1.65

D G G e B G G s 0 G e S = G S S G S G T e e S - T T G- - ——

G - ———— G — G 7= = T T Gt G W B G S e

1018491.81
415684 .19
1.68

———— — Gr= ey - G e . e B Se S Yt G e A S G et - G —

KWD is a decision indicator for use of weather data.

KWD = 1 means historical weather data is used
directly. KWD = 2 means historical weather data is used
to generate daily temperature and relative humidity of
air using fitted probability distributions.
*** This figure has been used in the optimization of the plant
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Table 19 Effects of Change of Decision to Sell Dry

Grain (Paddy) by the Plant Management

- T 2 —— G — S Gmb . . S GLP — s D WD Gun CM0 GAD GIE (LD En Cue SN EED SED Gun NS GHG EMS flan GLL SR GO S0 (i SN GN EER Gun S SAS S fan gun See Gme CHS G Gmn e S G Gww T

KSY**
l*** 2
PV (NCF) 1029524 .50 -490941 ,81
NPV 416888 .31 -1103578.00
B/C 1.67 -0.78

** KSY is a management indicator for dry grain sale

to the market, KSY = 1 means all dry grain is sold

out at the end of each drying season. KSY = 2 means

all dry grain is sold out only at the end of each year.
*%**% This fiqure has been used in the optimization of the plant
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Table 20 Effects of Change of Policy for Final Drying

of the Partially Dried Grain (Paddy)

KSD*
1** 2
PV ( NCF) 1029524 .50 977979.50
NPV 416888.31 365343.31
B/C 1.67 1.59

* KSD is a policy indicator for drying of the partially
dried grain, KSD = 1 means partially dried grain is
dried by the plant. If plant is not available, it is
dried finally by sun. KSD = 2 means partially dried
grain is dried by natural sundrying. If sun is not
available, it is dried finally by the plant,

** This figure has been used in the optimization of the plant

68
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5. MODEL FLEXIBILITY AND APPLICATION

5.1 Mode] Flexibility

The simulation model was coded into a main program with
23 subroutines in FORTRAN 77 language. It is easy to add,
delete or modify a subroutire whenever necessary. Regarding
the generation of air temperature and relative humidity, the
model offers two alternative choices;

a) Use of historical ambient temperature and relative
humidity data directly as a substitute of
generation,

b) Generation of air temperature and relative humidity
using fitted probability distributions.

The later is time consuming and costly. Appropriate
probability distributions must be fitted to the historical
data for each location. However, an optional submodel has
been incorporated into the model to make the model
operational in a locality where discontinuous or missing
historical data exists.

The model has been developed so that possible

alternative management strategies could be easily analyzed.
For example, the model could provide the answer to the

guestion whether it would be better to dry wet grain
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partially up to a certain moisture level or to dry grain up
to the final (safe) moisture level. The system can also be
evaluated under the farmers' alternative decision to sell
wet grain to the processing plant. It is flexible enough to
evaluate a drying system in any location of the developing
world where grain is harvested under adverse weather
conditions, The model can be expanded to include other
post—harvest operations by adding new submodels. No major
changes of the program are needed. For instance, an
integrated grain threshing, drying, and milling complex
could be analyzed by adding new subprograms for threshing

and milling of the grain into the program.

5.2 Application of the Model

System simulation can be viewed as a deliberate and
systematic abstraction of the salient features from the real
system into a formal computer program so that analysis of
this abstracted system can assist in providing answers to
real world problems. Experimentation with both new and
existing grain drying systems can be made on a computer. The
model could be used as research, management and feasibility
study tool. It could also be used for redesign, management
and economic analysis of existing drying plants. The model

may be successfully applied to;



92

Design of a grain drying and storage system,
especially suitable for developing countries,
Feasibility study of a drying and storage complex.
Redesign and evaluation of an existing grain drying
plant.

Evaluation of a drying and storage system through
possible management alternatives and drying
parameters.

Estimation of total investment cost of a drying and
storage plant,

Drying cereals such as paddy, wheat, corn, sorghum,
soybeans etc,

Design and evaluate a threshing, drying, milling

and storage complex through minor modification.
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6. SUMMARY AND CONCLUSIONS

The complex interrelationship of a centralized grain
drying system has been analyzed and abstracted into an
operational, flexible and general simulation model for
economic decision-making,

The model has been developed in such a way that it
adequately represents the complex interrelationship of both
stochastic and deterministic elements of a grain drying
system (Objective 1). Important economic, weather and
physical elements, as well as their interactions, could be
analyzed simul taneously as indicated by the outputs of the
model. Table 6 shows that the optimum level of capacities of
the paddy drying system were obtained at Dy = 37.0 m3/8 hr
and 2 = 579.0 m3 (Objectivé 2) . Essentially a simulation
model is a powerful tool to analyze a complex system with a
large number of alternative choices. The developed
simulation model is quite capable of studying the behavior
of a grain drying system at various levels of variables and
alternative choices. The paddy drying system, as analyzed
here, involves a large number of variables, Because of the
computing cost, only a few important alternative choices of
the model have been studied and are shown in Section 4.2.

Evaluation of the system with respect to other possible
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alternatives could also be performed (Objective 3)., The
developed model is general enough (objective 4) so that
adaptation to other similar grain drying systems at any
location is possible. In analyzing similar grain drying
systems, the only change needed is the input grain
parameters. No change of the model or the program is needed.
Thus, the cost and time involved in analyzing a particular
the model. In addition, the model can be successfully
applied to evaluate an on-farm grain drying facility.
Although the model has been developed by focusing on the
developing areas of the world, it could also be used to
evaluate a grain drying system in a developed country. The
computer program of the model has been so designed that
potential users with basic computer experience can use the
model. Following the steps of using the model (Appendix J)
potential users can easily handle the model and analyze the
results,

The optimal drying capacity, storage size and benefit
cost ratio for the application were 37.0 m3/8 hr, 579.0 m3
and 1,676, respectively. Appendix K shows that the minimum
and the maximum plant capacity utilization per year were
obtained at 56% and 76%, respectively. The plant was found
to be operating at its full capacity ranging from 1 to 20

days per year. The unit cost of drying (in 1982 value) using
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a kerosene-fed dryer was found to be 32.06 pesos/m3
(Uss$3.68/m3) or 56.02 pesos/ton (US$6.44/ton). The grain
saved by establishing the plant ranged from 693.30 m3/yr to
1662.09 m3/yr. The paddy drying system was evaluated for a
plant life of 15 years. The payback period of the investment
was approximately 5.75 years. The Net Present Value (NFV)
and the Benefit Cost (B/C) ratio at the optimum plant size
(Appendix K) indicated that the investment in the grain
(paddy) drying piant in Los Banos of the Philippines under
risky weather conditions was feasible. Since the plant was
designed by considering the most important factor of grain
drying in a developing country, that is, the stochastic
nature of weather, it might be concluded that the investment
in this processing plant had a minimum weather risk., The
optimum combination of drying and storage capacities of the
plant were obtained by maximizing the NPV of cash flow. In
other words, the optimum combination of the facilities was
obtained from a plant investment point of view. However, the
model is quite capable of obtaining another combination of
optimum drying and storage capacities of the plant from a
social welfare point of view. That is, another combination
of the facilities of the plant could be found at zero grain
loss., This was found at the dryer cpacity of 49.0 m3/8 hr
and the storage capacity of 990.75 m3 (Table 7). The NFV and

the B/C ratio indicated that the investment on the project
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with a view to minimize grain l1oss was also feasible and had
minimum weather risk.

The model has been simplified by assuming that the
farmers sell their grain to the processing plant when the
weather is not favorable for on-farm sundrying. In develop-
ing countries, farmers usually sell their grain immediately
after harvest to buy necessary consumer goods, repay their
loans, insurance etc. Sometimes, they sell the wet grain
immediately after harvest, even before harvest while the
grain is still in the field. On the other hand, since the
weather is not always bad throughout the harvesting season,
farmers have opportunities to dry their harvested grain by
sun and keep the grain with them. Farmers feel secure by
having at least some portion of the harvested grain with
them to meet their own consumption needs. Therefore, the
assumption of selling the wet grain to the plant management
is logically sound and realistic. In developing countries,
farmers usually grow varieties of grain of the same type
(i.e., different kinds of paddy) in the same season. It might
create a problem of grain mixing during drying in the plant.
Since the model has been developed for both batch and
continucus (cross—-flow) drying systems, the problem of
mixing of different qualities or varieties of grain could be
avoided by selecting an appropriate continuous type of

drying system.,
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Because of the computing cost, searching for the
optimum combination of the facilities sizes was performed
for eight different weather sequences only. The analysis of
the system with a fairly large number of weather sequences
might lead to a better design. Since the precision of the
system design and the computing cost are highly correlated,
both factors must be considered simultaneously in designing
the system., Only potential users of the model can decide
what level of precision in designing a grain drying system
would be acceptable. The another problem regarding the use
of the model may be the availability of computer memory.
Since the prcgram requires a huge amount of computer memory,
a further step may be taken to simplify the program so that
it could be run by a microcomputer.

A search for the optimum combination of facility sizes
was performed mainly by varying weather and drying capacity.
After obtaining a potential optimum storage capacity (in
this case 545.5 m3) for a particular weather pattern
(weather pattern 1), potential optimum storage capacity was
kept constant until the optimum drying capacity was obtained
(Table 5). Since storage capacity or the plant had a very
insignificant effect on the NPWs of cash flow (Table 4),
searching for the optimum combination of facility sizes was
performed mainly with respect to weather and drying

capacity. This practice has been followed due to limitation
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of time and money. However, appropriate design for
experiment of the model should be followed while searching
for the optimum combination of facility sizes for better
design.

The market price of paddy was predicted using the past
trend by the estimated regression equation shown in page
146. The equation indicates that in the past market price of
paddy increased steadily. However, the future market price
of paddy may decrease or increase or even remain the same
depending on production, demand and supply. It is not an
easy task to predict future prices of paddy correctly. Since
market price of the grain had a very significant effect on
the plant economy (Table 9), the use of a better price
prediction model may increase the efficiency of the model.

The necessary instrument in the NPV criterion is the
appropriate rate of interest or rate of discount by which
the net cash flow at any point of time is weighted. An
interest rate of 11% was used in this study, assuming that
there is no variation of the rate with respect either to
magnitude or time under a perfect capital market situations,
The correct rate of interest should reflect society's rate
of time preference. Since it is difficult to predict
society's rate of time preference correctly, a single and
constant rate of discount (11%) throught the simulated

periods was utilized in this study to simplify the task.
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It was gathered from a report of the Asian Development Bank
(1982) ., Better results may be achieved using correct
society's rate of time preference for each year of the
simul ated period. However, it may increase the cost of
analysis.

- Accuracy of the simulated grain drying system per-
formance depends a great deal on the precision and adequacy
of the input data. The model was applied as an example to
design a paddy drying plant for a single location only. The
B/C ratio for the application indicated that the investment
to the drying plant may not be very attractive. However, in
other cases (other locations), the model may produce better
or worse results depending on input data and weather
conditions of the localities, The efficiency of the model
could be increased by adopting better grain harvesting and
grain moisture content submodels., Introduction of a
transportation cost submodel into the developed model might
be appropriate when analysis of a grain drying system for a
fairly large service area is needed. However, the model is
so flexible that it could be easily performed by adding a
subroutine into the program. Since the weather pattern in a
locality may change after a certain period of time, input of
longer periods of weather data may increase the performance

of the model.
Not only the grain drying system, but also other
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important agricultural production and processing activities,
such as design and operation of an irrigation system, pest
control management, crop and land allocation etc, are
largely dependent on weather. Thus, the developed model may
be helpful teo develop models of other weather dependent
agricultural production and processing operations and may be

applied for successful design, operation and management

purposes.
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APPENDIX A

GRAIN DRYING MODELS USED IN THE SPGDM FPROGRAM

1. Energy Cost of Grain Drying : Energy cost of grain

drying is directly proportional to temperature rise of
drying air above ambient, air flow rate, drying time and the
cost of energy. It is calculated by the following model
developed by Young and Dickens (1975, p.735) and is suitable

for batch and cross-flow continuous dryers.

(Th"Ta)m(Cpa"'HGCv) Pl

Cd = e ecocacacem - - - 009000000(1)

ql eor(AaX/td)

(Th"Ta)m(Cpa+HGCv) Pl

ory Cd = - - hahat e ek e 00000000(2)
91 € Dr
where,
Az = Cross-sectional area of dryer, ml
Cg = Energy cost of grain drying, M/m3 of grain

Cpa = Specific heat of dry air, kd/kg0C
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Cpv = Specific heat of water vapor, k3/kg0C

Dr = Drying capacity of the dryer, m3/tqg hr

eg0 = Overall thermal efficiency of the
dryer, decimal

Hr = Humidity ratio of ambient air,

kg of H20/kg of air

M = Any monetary unit

m = Mass flow rate of drying air (heated), kg/hr
Pl = Price of energy for grain drying, M/unit

d; = Heat content of energy for grain

drying, kJ/unit

Ta = Ambient air temperature, 0C
Th = Drying (heated) air temperature, 0C
t@g = Time of drying (duration of one shift,

example 8 hours), hr
X = Depth of grain in the drying bin, m
Equation 2 calculates cost of grain drying for a time period
of tg hours. For a selected value of My, values of m and Hy

are determined from equation 3 and equation 12 respectively.

The mass flow rate, m is calculated from egquation 3 as

suggested by Young and Dickens (1975).

Dr/oLv(Mo-Me)

m T e T 0000000000090(3)

100 Cpa D3 H (Th - Te ) / tg
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where,

Ln [ ((2DPd) - 1) exp (-(tg Ln 2)/H) + 1 ]

Dd = e e e i e - 000(4)
Myr Ln 2

and
Ma - Me

Mr = ..oooo.-oooooo-..nooooo'o-oooo(5)
Mo - Me

where,

D@ = Number of dimensionless depth units to the

point where My is calculated

H = Time-of-half-response of the grain being
dried, hr
Ly = Latent heat of vaporization of moisture in

the grain, kJ/kg

Mz = Average grain moisture content (after
drying), % db

Me = BEquilibrium moisture content of the grain
for initial condition of the air entering
the grain, % db

Mp = 1Initial moisture content of the grain, % db
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My = Moisture ratio

Te = EBEquilibrium temperature; temperature at
which air would be in equilibrium with the
grain at its initial moisture content after
the air has cooled adiabatically, 0C

JP = Density of grain dry matter, kg/m3

Ly, Q, H, Me and Te are calculated from equation 6, 7, 8, 10
and 11 respectively. The latent heat of vaporization of

grain moisture may be calculated from equation 6 (Fontana,

1983, p.31).
Ly = by (1090 = by (Tg + cp)) (1 + by exp (-c3 Mz)) ..(6)
where,
Tg = Grain temperature, 0C
bz, b3, ba = Constants for a particular grain

€2, ¢3 = Constants for a particular grain

The air flow rate of drying air(heated) is;

Q = TeTmssTmessessses ..0...0..0....Q......'.OO..(?)
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where,

287 ( Th + 273.16 )

Vg = (Agricul tural Engineers
( P - Py ) Yearbook, 1982, p.332)
and
Py = Rh * Psgh (Agricultural Engineers
Yearbook, 1982, p.332)
where,

P, = Atmospheric pressure, Pa

Pgh = sSaturated vapor pressure at Thp, Pa

Py = vVapor pressure, Fa

Q = Air flow rate through grain, m3/m2-s

Rp = Relative humidity of drying air (heated),
decimal

Vg = gSpecific volume of drying air (heated) at

Th, m3/kg

Saturated vapor pressure (Pgh) at Th is calculated from
equation 13. Relative humidity of drying (heated) air, Rp
may be obtained from equation 14. Time-of-half-response has

been calculated from egquation 8 (Young and Dickens, 1975, p.l).
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H 3 A memecooooe 0300Q.GOOOOQOOQQ.OO.O.'..QQD(B)

where,

K@ = Thin layer drying coastant, hr-l

Henderson znd Pabis (1961) developed a model to determine

drying constant of grain. The same has been used here,

K@ = by exp (c1/(Th + 273.16)) eeeeccecea(9)

where,
by = A constant for a particular grain

€ = A constant for a particular grain

The equilibrium moisture content (Agricultural Engineers
Yearbook, 1982, p.318) is;
1/n
Ln (1 -R)

Me = .Qo;oooncoocooocooo(lo)

-c(T+Db)
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where,
b, ¢, n = Constants for a particular grain
R = Relative humidity of air, decimal

The equilibrium temperature is determined by using eguation
11 with the assumption that the exhaust air relative

humidity, Re = 0.85 (Hukill, 1947 p.338)

Ln(l-Re)

Te = =-[b+ Jeeeaenaaa(ll)
c Mgn
where,
Re = Relative humidity of exhaust air, decimal

Humidity ratio (Agricultural Engineers Yearbook, 1982,

pP.332) is;
0.621 Ry Pga
Hr = -- —m=  eereecseceeese(12)
( Pa - Ra Psa )
where,
Psa = Saturated vapor pressure at Ty, Pa

Relative humidity of ambient air, decimal

o
V)]
1
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The saturated vapor pressure; Pg at temperature T

(Agricultural Engineers Yearbook, 1982, p.331) is;

Pg exp ((Numerator/Denominator) +16.91) ...(13)

where,

- 27405.526 + 97.5413(T + 273.16) - 0.146244(T

Numerator

+ 273.16)2 + 0,12558 * 10-3(T + 273.16)3
- 0.48502 * 10-7(T + 273.16) 4
Denominator = 4.34903(T + 273.16) - 0.39381(T + 273.16)2 *
10-2

Equation 13 is used to determine Pga and Psh at their
respective temperatures. The relative humidity of drying

(heated) air (Agricultural‘Engineers Yearbook, 1982, p.332)

is;

Rh = e e e~ 0000000035000000(14)
( Hr + 0.6219) Pgh
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2. Cost of Grain Drying by Solar Radiation (Natural Thin

Layer Drying

Cost of grain drying (labor cost) using solar radiation may

be calculated as follows;

Cds = (AL / A2 ) P3 DsSh oeceseceacscsasac(l5)
where,

A1 = surface area for sundrying, m2

A = surface area (for sundrying) that can

be managed effectively by a single
laborer, m2
Cds = Cost of grain drying by sun, M/day

Daily available solar hours, hr/day

Dsh
P3 = Labor price, M/hr

The moisture content of grain after one day of sundrying is

(Henderson and Pabis, 1961);
Mg = Me + ( Ma - Me ) exp ( -Kd Dsh ) ...(16)
where,

Mg = Moisture content of the grain after

a day of sundrying, % db
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3. Cost of Fan Operation for Moving Air Through Grain

During Drying

CCf = Cfo Dr Wr oooo..ooooaoononooo.oooc(17)
where,
Pf tdq P2
Cfo = —— ooo.ac-oo.‘oo.eo(ls)
€1

where,

Cfo = Cost of fan operation, M/m3

Cof = Cost of fan operation, M/day

€1 = Overall efficiency of fan-motor or

fan-engine system, decimal
Pg = Power required to force air through
grain, kw/m3
P2 = Price of energy/electricity, M/unit
Wr = Number of shifts (a shift of tg hrs.)

of plant operation per day

Power required to force air through grain may be calculated

from equation 19,
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Pf = mEmemmeess nooo.ocooo.ooo.oooooo'(lg)

where,
Dp = Pressure drop through grain per unit

depth of grain, Pa/m

Dp is calculated from the following relationship

(Agricultural Engineers Yearbook, 1982, p.319).

Dp = qu ocooooooctoooo--oo.o.ocoo(20)
where,

y = A constant

g = A constant

4., Cost of Elevating/Conveying Grain During Drying

The cost of elevating or conveying grain is;

Pe tg Py Wy

Cec = - —— ceeveosanss(2])

]



where,

Po is calculated from

where,

)
=]
]

L
(=)
]

£
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Cost of elevating/conveying the
grain, M/day

Overall efficiency of grain conveyor
or elevator, decimal

Power required to elevate/convey

the grain, kw

equation 22,

---------------- ..'.l..'.'...(zz)
367085

Height of storage bin, m
Height increment factor for grain
elevator, ( > 1)

Density of wet grain at harvest, kg/m3
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APPENDIX B

THE GRAIN HARVESTING MODEL
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Figure 19 A Hypothetical Pattern of Daily Grain Harvest
in a Harvesting Season

The program SPGDM calculates the total number of

harvesting days during peak harvest (Dy), the total number
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of harvesting days in a harvesting season (W) and the total
area to be harvested during the period of peak harvest (Ap),
In each harvesting season, W is calculated logically by the
program itself. The following relationships have been use by

this harvesting model.

Da - xOW .GO...G.QO..DOOO..QDOBQOODODO..Q(23)

"
il

Mean percentage of total harvesting
days during peak harvest, decimal., This
may be gathered from farmers' interview,

if no secondary information is available.

Total number of harvesting days in an early or a late

harvest period (Wel) in a harvesting season is;

We1= ———————— c-.o.-ocooo-coooooo-oooooo¢(24)

The total area to be harvested during peak harvest (Ap) is;

Ah = ZTA o.ooooconoo.oco.ooo..cneeo.no--o(25)
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where,
Ta = Mean total crop area within the service
area of the plant, ha
z = Mean percentage of total area to be
harvested during peak harvest, decimal,
This information may be gathered from
farmers' interview, if no secondary

information is available.

The total area to be harvested in an early or a late harvest

period (Ae]) in a harvesting season is;

Ael = e e 00C P eCEOGE0ROOEOOCDTE OGSO 26

Ab = m—ees .o..-...lOl'.....l.l.!ll'!...(27)

The daily area harvested during the early harvest (Ag) is;
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ap
Be = =——=—- DN ecececccccccossccaacoscsc(28)
Wel
where,
Dh = Working days in an early harvest period,
days

The daily area harvested in a late harvest (A¢) is;

Ap
At = ==——- DI eossesescscscscscsnacsses(29)
Wel
where,
Dn = Working days in a late harvest pericd,

days.
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APPENDIX C

MODELS USED IN THE SPFA PROGRAM FOR FINANCIAL ANALYSIS

1. Capital consumption

The capital consumption (i.e. depreciation plus
interest on salvage value) on facilities and equipment is

calculated as follows (Hunt, 1979, p.67);

Cc= (P— S) Crf+sr .0..........."...I'......(30)

where,
r (1 + )k
Crf = - '.............D........Q...Q(31)
(1 + k-1
where,

Cc = Capital consumption on facilities
and equipment, M/vyr
Crf = Capital recovery factor

L = Life of equipment and facilities, yr
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P = Purchase price of eguipment/
facility and is a function of
capacity or size of that equipment/
facility, M

r = Interest rate, decimal

S = Salvage value of equipment or
facility at the end of Lth year, M

2. Sales and Property Taxes

i) Sales tax (Hunt, 1979, p 68)

Tst= ----- 0....'...0.......0..'..0..(32)
where,
Ter = Sales tax, M/yr

X2 = Sales tax rate, decimal

ii) Property tax (Hunt, 1979, p 68)

Tp =  wemeememseeme oooc-ooooooouooonoooo.o(33)



125

where,
Tp = Property tax, M/yr
X3 = VProperty tax rate, decimal

3. Insurance Cost (Hunt, 1979, p 68)

Ip = Px4 ...0.000.0..0.00‘..00.0..00(34)
where,
Ip = Insurance payment, M/yr

Insurance rate, decimal

»
[ -4
]

4. Shelter Cost (Hunt, 1279, p 68)

Cst = sz Q.OO..C.I.O'......Q0.0.....(35)
where,
Cst = ©shelter cost, M/yr

Shelter cost rate, decimal

X5

5. The Total Fixed Cost

where,
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Cp = Total fixed cost of the entire

plant, M/yr

6. Value of J.and at the End of Nth Year

The value of land at the end of the Nth year is calcu-
lated as follows, assuming no depreciation or appreciation
of land value. However, in some cases the future value of
land may appreciate (example; a future development scheme
for the area such as an irrigation project) or depreciate
(example; a government plan to establish a nuclear power
plant nearby). Although the equation 37 may not be necessary
under the assumption of no depreciation or appreciation of
land value (see the equation in page 31), it is incorporated
into the program only with a view to easy modification of
the program by replacing the equation with an appropriate

one, in a case where the assumption is no longer valid.

VL= LAN * (1 + r)N |, .ececenceccocsnesa(37)
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APPENDIX D

LITY DISTRIBUTIONS TO DAILY AIR TEMPERATURE

FITTED PROBABI

IN LOS BANOS, PHILIPPINES FROM 1959-1983
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Figure 22 Normal (0,1) Density Function
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Figure 23 Extreme Value Type A (0,1) Density Function
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APPENDIX E

DEFINITION OF WEATHER PATTERNS AS GENERATED BY USING BASIC

UNIFORM (0,1) RANDOM NUMBER GINERATOR (GGUBFS)

Weather Percent of no Total no. of sequence Maximum no. of successive
Pattern sunny days of no sun today and no sunny daye during
during harvesting no sun tomorrow harvesting seasons of
seasons of entire during harvesting entire simulated period
simul ated period seasons of entire
simul ated period
1 39.57 240 8
41 .44 251 9
3 4] .21 255 9
4 41 .74 255 9
5 40 .30 256 10
6 43 .18 276 11
7 41 .82 276 12
8 41 .82 285 15

DSEED as used

in the random

number generator
(GGUBFS)

123457.D0
254786 .D0
119329,.D0
1216924.D0

60768.D0
249377.D0

11921.D0

80051 .D0

Let
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APPENDIX F

THE MOISTURE CONTENT (WET BASIS) OF PADDY VERSUS
DAYS FROM MATURITY AT HARVEST

Lays fron Hoisture Harveet B al

aturity content, > loss, 2 Tarfety= Author
-12 24.7-25.7 0.307 85 33-8 Zarath (1373}

--12 25.8-26.0 0.105 86 94-1 farath {1573}
-3 16.8-24.9 0.323 36 33-8  Serath (1972)
-8 21.6-25.4 0.227 23 8341 Saratn (1975}
-7 23.9-25.8 0.513 EP1-121 Syir and Castelo (19855)
=7 23.9-25.8 0.920 2p1-121 2uiz ang Castelo (1335)
-F 23.9-25.6 1.458 2r1-121 Ruiz end Co )
-7 22.5-25.8 0.401 821-121 Ruiz end Ceot }
-7 KA 0.40 Banagia Forivchi et al. 1
-5 3.4 0.45 IR-20 ~con and Quff
-5 23.7 0.4¢ 12-20 Seswon and Quff
-5 2.4 1.0 12-20 Serson and Luff
-5 2. 0.79 1R-24 Lavon ang Duff
-5 23.0 1.64 Cé-63 Lazon and Cuff
-5 23.2 2.47 1R-25] Sewion an3 Duff (1973)
-~ A 1.87 Bahagia Boracchi et al. (1971)
-4 LY 1.98 Bahagia B=riucni ct al. {1571)
4 N .07 Bahagia Horiucnt et al. {157))
-2 16.2-25.2 0.521 86 3.3 Serath (1972}
% 19.8-21.8 0.233 85 8.1 Sarzzh {1976}
-4 31.4-24.8 .10 1R-8 criztal and ~avalo (1967)
0 20.8 0.80 1R-CI Saxs0n and Guff (157))
-4 19.5 0.97 1R-20 Sazoon and Ca?f (1673}
0 20.0 1.43 1R-20 Se=son and Duff (1973)
(-3 20.1 1.27 1R-24 Sarson and Duff (197])
4 20.6 2.7 €e-6) Sazson and Duff (1972}
[} 20.5 3.03 1R-253 S3son and Cuff (1973
[ 20.8-22.8 3.575 £pP1-12) Raiz and Castelo (1933)
T 20.8-22.5 3.001 3ry=121 fuiz and Castelo (15:3)
[ 20.8-22.8 3,237 3r1-121 Ruiz and Caszelo (1933)
[} 20.6-22.8 3.655 BP1-121 Ruiz and Castelo {13£5)
0 26.0-30.5 3.40 1#-8 C-istal and Ravalo (1567)
] N 0.57 Lahagia Esriuchi et al, (1971)
0 14.2-18.5 0.50) £3 33-8 Sarath (1976)
0 1e.6-21.1 0.4485 £G 931 Szrath {1978)
L] 21.2-23.6 5.16 Cristal and Ravalo (1967)
L] 13.5-16.0 C.e67 Sarath {1473)

+« 16.8-20.6 0.525 Sarazh {1972}

+5 16.6 2.06 Sa=son and Duff (1273}
+* 18.2 1.73 Sar=on and Duff (1971)
5 16.6 2.8 Camman ana Anrd (1079
* 122 2,19 Comen and Seff (ST}
+6 18.0 1.30 Sazzon and Ouff (1973)
+*% 16.8 1.65 1 Szrson and Duff (1573}
4 19.1-19.9 B.356 8P1-121 Ruiz ang Castele {1385)
7 19.1-19.9 3.517 gpi-121 Ruiz and Casteld (1563)
+7 19.1-19.9 2.037 EPi~121 Ruiz and Castelo (1535}
+7 12.1-19.1 3.781 EP1-12) Ruiz and Castelo (1563)
<8 13.8-18.1 0.952 BG 34-8 Sarath (1973)
0 16.5-18.8 0.828 86 93-1 Sarth (1978)
+10 15.3 2.08 1R-20 Sasgon and Ouff (1973)
+10 15.6 2.00 1R-24 Sezson ang Duff (1971}
+10 15.4 2,63 €4-63 Sacson ang Duff {1973)
<10 16.3 4.06 1R-253 Sarwon ang Duff (1373)
12 16.2-17.2 16.30 18-8 Cristal and Ravalo (1567}
(311 15,3-26.9 1.4483 BCli-8 Sarcath (1973}
Ll 16.9-17.7 3.797 gr1-121 Pyiz ana Cestelo {19€5)
+14 16.9-17.7 9.959 2r1-321 Fuiz and Casielo
14 16.6-17.7 7.7 TP1-121  Ruiz and Casitlo
14 16.9-17.7 12.721 BP1-121  Purz anc (2sitlo
+21 15.5.15.7 §1.253 321-12% Rytz ana Castelo
*2) 15.5.15.7 54.062 ge1-121 Ruiz &nd
21 15.5-15.7 30.7C5 gP1-12 Ruiz ere
1 15.5-15.7 27.857 ari-1a1 Aviz and Cacteio

421 15,5-15.7 27.657 BP1-121 Ruiz anc Casteio

2 A 3.08 garagia Haryuchi

42 HA 3.6 Bahagia horiucns

@ KA 2.53 Batagra Horruchi

428 13.3-12.6 65.364 oP1-121 Ruiz and Casizlo {

428 13.3-13.6 £6.051 5P1-121 Purz ana Caszzio
+28 13.3-13.6 54.082 3p1-128 Ruiz ane Zastelo 11563}
+28 13.3-13.6 66.192 8P1-12) Rutz ang Castelo {1563)

a3 lowe
ol

734 svo clace
cediun-zracLers
ring varicties,

/ps 3ten, 3z 94-1, Mamagta, 2n-3%
shattering; C4-6) and 1r-I3J) are clacii
BPI-121 and TR-B are clasciZicd ay hiaa-snu

Source: Habito and Duff (1979)




APPENDIX G

EQUIVALENT NET WEIGHT FACTOR FOR PALAY (PADDY)

%MC 14-1- 14.6 15.1- 15.6- 16.1- 17.1- 18.1- 19.1- 20.1- 21.1- 22.1- 23.1- 24.1. 25.1.

% PURITY 14% 14.5% 15% 15.5% 16% 17% 18% 19% 20% 21% 22% 23% 24% 2% 26%
95 — 100% 1.00 .97 .96 .95 94 .92 .90 .88 .86 .85 .83 .81 .80 78 717

90 - 94.9% 97 95 94 .93 .92 .90 .38 .86 .84 .82 .81 .79 7 .76 4

85— 89.9% .92 .89 .88 .87 .86 .85 .83 81 .79 77 .76 T4 73 71 .70

INSTRUCTIONS FOR THE USE OF THE TABLE:

1)
2)

3)
4)

5)
6)

Determine the Gross Weight (GW) of the palay.

Determine the Net Weight (NW) of the palay by subtracting the weight of container

from the Gross Weight. :
Determining the % Moisture Content and the % Purity of the palay.

Bascd on the % Moisture Content and the % Purity determine the Equivalen't Net
Weight Factor (ENWF),

Multiply the Net Weight to the weight factor to get the equivalent Net Weight

Peso Value: Equivalent Net Weight x buying price.

N.B. This table shall not be used for liquidation or other purposes except for
palay procurement only.

Quality Standards for Palay: 14% MC and 95% Purity

Source: Gravacio (1984)

eet



APPENDIX H

SOURCES OF DATA

The data used in the model was collected from several
institutions in the Philippines. Most of the data was
obtained from secondary sources, only a few were gathered
from farmers interviews, The grain paddy and the Los Banos
area of the Philippines were chosen for development and
verification of the model. The Agricultural Engineering
Department and the Multiple Cropping Department of the
International Rice Research Institute (IRRI), PLilippines
Council for Agriculture and Resources Research (I CARR),
National Food Authority (NFA), Asian Development Bank (ADB),
Southeast Asian Regional Center for Graduate Study and
Research in Agriculture (SEARCA), the Los Banos Municipal
Office and local machinery manufacturers and dealers were
the main sources of data.

The daily weather data from 1959 to 1983 at Los Banos,
Laguna Province of the Philippines was obtained from the
Multiple Cropping Department of iRRI; yield and price
information of paddy and wage rate from PCARR; technical and

cost information on dryers and their acessories from the

4
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Agricultural Engineering Department of IRRI, the NFA, and
agricultural machinery manufacturers and dealers. The
interest rate, tax information, cost of storage structure
and cost of energy for the dryer were obtained from ADB and
SEARCA. The cost and rent information on agricultural land
and harvesting information were collected from the Los Banos
Municipal Office and local farmers. The year 1982, was
considered as a base year for necessary computation in

verification and testing the model.
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APPENDIX I

SUMMARY OF INPUT DATA FOR GRAIN DRYING SYSTEM ANALYSIS

A. HKWeather Data

The daily weather data in Los Banos, Philippines,
from 1959-1983 has been utilized in this study. The daily
input weather elements are; Year (IYR)*, Month (MON), Day
(IDAY), Minimum air temperature (TEMN), Maximum air
temperature (TEMX), Mean relative humidity of air (HUM),
Rainfall (RAIN), Solar radiation (SOLAR) and Wind speed

(WIND) .

B. Other Processed Data

1. Surface area for sundrying of grain,

me (Al)* = 2250.0
2., Cross-sectional area of storage for wet
grain, m2 (A3) = 25.0

* Symbols inside the parentheses used in this section only
refer to the input variable name used in the computer
program in Appendix L.




10.

11.

12.

13.

Cross—sectional area of storage for dry
grain, m2 (A4)

Area harvested (service area of the
plant), ha (ACH)

Annual increase of pay/salary,
decimal (AIDP)

Moisture content of partially dried
grain, dried by the plant, & db (AMO)
Maximum income limit where corporate
income tax changes, Peso (BRK)
Critical level of solar radiation for
determination of sun-no sun day,
cal/cm2/day (Cl)

Critical level of solar radiation for
determination of harvest-no harvest day,
cal/cm2/day (C2)

Critical level of wind speed for
determination of wind-no wind day for
grain harvest, km/hr (C3)

Capacity bracket of elevator, needed
during purchase, m3/hr (CBL)
Corporate income tax for lst bracket,
decimal (CTAX1)

Corporate income tax for 2nd bracket,

decimal (CTAX2)
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50 .0

500.0

0.05

20.0

100000.0

250.0

110.0

15.0

10.6

0.25

0.35



14,

15°

16.
17.

18.

19,

20.

21.

22.

23.

24.

25.

26.

Density of dry grain at Mg $ db,

kg/m3 (DDG)

Drying capacity of the plant,

m3/tg hrs. (DR)

Storage capacity for dry grain, m3 (DSC)
Initial value used for random number
generation process, (DSEED)

Mean density of harvested wet grain,
kg/m3 (DWG)

Height or length bracket of the elevator or
conveyor, needed during purchase, m (ELL)
Height increment factor for grain
elevator, (FE)

Extra land that might be needed for road,
loading/unloading and miscellaneous use,
m2 (FL)

Final safe moisture level of paddy,

$ db (FM)

Minimum moisture content of paddy at
harvest, % db (GIM)

Maximum moisture content of paddy at
harvest, % db (GXM)

Grain handling and quality losses during
entire processing operation, decimal (HQL)

Beginning year of the input weather data
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572.26

37.00
579.00

60768.D0

642 .54

3.05

1.10

500.0

14,0

26 .0

30.0

0.005



27 .
28,
29.
30C.
31.

32.

33.

34,

minus one, (IFY) : =
First day of Ist harvesting season, (IFl) =
First day of 2nd harvesting season, (IF2) =
Last day of Ist harvesting season, (ILl) =
Last day of 2nd harvesting season, (IL2) =
Number of future bad days that farmers may
wait for sundrying before they decide to

sell their grain to the plant management,
(KFD) =
An indicator for drying of partially dried
grain, (KSD). KSD = 1 means partially dried
grain is dried by the plant. If plant is

not available, it is dried finally by sun.
KSD = 2 means partially dried grain is dried
by natural sun. If sun is not available,

it is dried finally by the plant. =
An indicator for dry grain sale to the
market, (KSY). KSY = 1 means all dry grain
is sold out at the end of each drying

season, KSY = 2 means all dry grain is sold
out only at the end of each year =
A decision indicator for use of weather

data, (KWD). KWD = 1 means historical

weather data is used directly. KWD = 2

means historical weather data is used to
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58
232
311
274
355



35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45,
46 .

generate daily temperature and relative
humidity of air, using fitted probability
distribution,

End of year of input weather data plus
one, (LY)

Time span between two successive years of
change grain production, year (M1}

Time span between two successive years of
price change of electricity, year (M2)
Time span between two successive years of
price change of fuel (kerosene) for grain
drying, (M3)

Total number of historical years used

in input weather data, (N)

Number of paddy harvesting season in

a year, (NOS)

Number of simulated year, that is equal
to the life of the plant, year (NOYR)
Ratio of off-season price of paddy to the
in-season price of dry paddy, (OSP)

Cost of fuel for drying of grain,
Peso/litre (Pl)

Price of electricity, Peso/kW-hr (P2)
Labor cost, Peso/hr/laborer (P3) -

Price of harvested wet grain at moisture

140

84

10

25

15

1.1305

3 025

1.0
2.025



47,

48,

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

level of (GXM) $ db, Peso/m3 {P4)

Price of dry grain during harvesting and
drying season, Peso/m3 (P5)

Price of grain elevator per unit length in
addition to (ELL), Peso (PEL)

Yearly increase of grain price,

Peso/m3 (PI)

Yearly price increase factor for repair
and maintenance of the plant, decimal (PIF)
Periodical price increase of fuel for grain
drying, decimal (PIN)

Periodical increase of price of
electricity, decimal (PIN1)

Yearly increase of price of labor,
Peso/hr/laborer (PIX)

Annual total price of one manager and one
operator-cum-technician for operating
seasons only, Peso (PMO)

Change in grain yield, decimal (PRI)

Paddy production rate, m3 (PRT)

Property tax rate, decimal (PTR)

Mean percentage of total working days
during peak harvest, decimal (PTW)

Net heating value of kerosene fuel for

grain drying, kJ/litre (Ql)
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558.32

725.096

490 .0

36.228

0.02

0.14

0.14

0.291

12600.0

0.26

3.57

0.03

0.5

35667 .2



60.
61.

62,

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

Interest rate, decimal  (RI)

Critical level of rainfall for determina-
tion of sun-no sun conditions, mm (RN)
Critical level of rainfall for determina-
tion of harvest-no harvest days, mm (RN1)
Land rent rate, Peso/m2/yr (RNTL)

Sales tax rate, decimal (STR)

Salvage value of concrete structures,
decimal (SVC)

Salvage value of the dryer, decimal (SVD)
Salvage value of elevator/conveyor,
decimal (SVE)

Salvage value of storage structures,
decimal (SvVS)

Time of grain drying -- single shift of
plant operation, hr (TD)

Total daily drying capacity of the dryers
presently used within the service area of
the plant, m3/day (TDD)

Temperature of drying air, 0C (TH)

Unit price of concrete structure or
platform, Peso/m2 (UPC)

Unit price of dryer complete with all
drying components, freight and installa-

tion costs, Peso/m2/hr (UPD)

142

0.11

5.0

5.0

0.2

0.01

0.15
0.15

0.15

8.0

0.0

80.0

65.5

35095 .56
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74, Unit price of land, Peso/m2 (UPL) = 17.5
75, Unit price of electric motor, Peso/kW (UPM) = 1515.8
76. Unit price of storage structure,

Peso/m3 (UPS) = 327.5
77. Number of shifts of plant operation per

day, each shift comsists of (TD) hours, (WR)= 2,0
78, Miscellaneous cost, decimal of total

variable cost (XC) = 0.005
79. Mean price of grain elevator (without

motor) at less than or equal to (CBL),

Peso (XPEl) = 4062.57
80. Mean price of grain elevator (without

motor) at greater than (CBL), Peso (XPE2) = 4691.99
81. Mean percentage of total area to be

harvested during peak harvest, decimal (YY) = 0.6
82. Time efficiency of solar radiation utiliza—

tion, decimal (TF) = 0.9
83. Daily available mean solar hours, hr (DSH) = 7.0
84. Temperature of sundrying surfaces above

ambient, 0C (TC) = 10.0
85. Depth of grain to be used in sundrying,

m (X1) = 0.02

86. Surface area that a laborer can cover
effectively during natural sundrying,

m2 (A2) = 200.0
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C. JInput Parameters and Constants Associated with Different
Models

1. Model for Safe Storadge Life of Grain (Page 54)

a (a) = 379.23 * 1010

u (B) = =-6.6581

v (C) = =-2.0393

tg(ST) = 3.0 oc

2. Energy Cost of Grain Drying (Page 107)

Cpa(CPA) = 1.0 kJ/kg/0C
Cpv(CPV) = 1.88 kJ/kg/0C
Pa (PA) = 101283.98 Pa

Re (RE) = 0.8

X (X) = 0.7 m

€ (EF) = 0.60

3. Equilibrium Temperature Model (Page 113)

b (B) 51.16

0.000019187

c (C)
n (AN) = 2.4451
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4, The Latent Heat of Vaporization of Grain (Paddy)

Moisture (Page 110)

by (B2) = 2.323
b3 (B3) = 1.026
bg (B4) = 2.9462
cp (€2) = 17.78
c3 (C3) = 0.21733

5. Egquilibrium Moisture Content (Page 112)
b (B) = 51.16
¢ (C) = 0,000019187

n (AN) = 2.,4451

6. Determination of Grain Drying Constant (Page 112)

by (Bl) 136485 .6

c1 (C1) 4411.671



7. Cost of Fan Operation for Moving Air through Grain

During Drying (Page 116)

g (A) = 3652.62
y {(B) = 1.1867
e1(El) = 0.85

8. Cost of Elevating/Conveying Grain (Page 117)

e (El) = 0.85

D. Price of Dry Grain in Harvesting and Drying Season

The market price of dry grain in a harvesting/drying

season has been predicted using the past trend with an

estimated regression equation as follows:

Pg = =2245.6 + 36.228 Y
(3.7635)
(R2 = 0.877, F = 92.665, Sy.x = 62.975)

where,

146

Ps = Price of dry paddy in harvesting and drying

season, Peso/m3

Y = Year to be predicted -- 82 (1982, the base

year)
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E. Price of Wet Grain at Harvest

The price of wet grain (P3) at maximum observed
moisture content with a purity level of 90 to 95 % during
harvest has been calculated using equivalent net weight

factor for paddy (Gervacio, 1984, p.138) (Appendix G).
Pg = 0,77 * Ps
F. Price of Dry Grain in Non-harvesting Seasons

The price of dry grain in a non-harvesting season was

predicted using the past trend with an estimated regression

equation as follows:

Pg = =2645.1 + 42.254 Y
(4.0866)
(R2 = 0.8916, F = 106.908, Sy x = 68.383)
where,
Pg = Price of dry grain in a non-harvesting
season, Peso/m3
Y = Year to be predicted -- 82 (1982, the base

year)
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G. Kage Rate

The wage rate of labor was predicted using the past

trend with an estimated regression model as follows:

P3 = =21,755 + 0.29 Y
(0.04267)
(R2 = 0,9394, F = 46.502, Sy.x = 0.134)
where,
P3 = Labor price, Peso/hr/person
Y = Year to be predicted -— 82 (1282, the base

year)

H. Unit Price of Dryer

The unit price of the dryer complete with all drying
accessories, freight and installation costs has been

calculated from information available in a research paper of

Baloco (1980).

I. Unit Price of Electric Motor

The unit price of electric motor has been predicted
using the information available in a manufacturer's price

catalog (Seedburo, 1982). The estimated regression model is



as follows:

Pp = 1515.8 K
(106.93)
(R2 = 0.8731, F = 200.924, Sy x = 518.14)
where,
Pn = Price of an electric motor, Peso
K = Electric power, kw

J. The Fitted Probability Distributicns and

Humidity-Temperature Models

The input parameters used in the fitted probability
distributions and humidity-temperature models are shown in

Table 2 and Table 3 respectively.

149
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APPENDIX J

STEPS TO BE FOLLCWED WHILE USING THE MODEL

The following steps (refer to the program in Appendix

need to be followed for successful use of the model.

Gather necessary data as mentioned in Appendix I and in
the data statements of the program (Appendix L).

Read carefully the comment statements of the program
and fit in appropriate data into the data statements
(also see additional data statements in each
subprogram) .

Create a separate data file for historical data only,
following the fixed format as mentioned in the READ
(FORMAT) statement of the main program.

By careful observation of the historical weather data,
select an appropriate choice (i.e. the value of KWD)
of either historical air temperature and relative
humidity data directly or generation of air tempera-
ture and relative humidity using fitted probability
distributions, If the second choice is obvious,

modification of several statements in the GNTH sub-

program is a must,
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5. Add extra WRITE statements if more output information
is desired,

6. Run the program and get the result.



APPENDIX K

MODEL CUTPUT AT THE OPTIMUM LEVEL OF DRYING AND STORAGE CAPACITIES

TEAR

10
n
12
13
14
15

YEAR

10
m

12
13

11

VARTABLE COST

PESO
29855.05
26519.00
29986.92
29294.71
39055.87
63621.85
47169.54
45612.62
45967.78
52154.00
59361.44

150684.94
135190.31
93045.69
180692.25
TARVESTING

DAYS

61

659

62

69

61

56

51

60

65

62

53

61

59

64

61

FIXED COST
PESO
86712.87
86784.87
86858.37
86933.31
87009.75
87087.69
87167.19
872439.31
87331.006
87415.44
87501.50
87589.31
87678.87
87770.19

87863.37

PLANT IN OPERATION

DAYS
35
32
40
31
38
44
33
38
38

39
43

53
49
36

4y

GRAIR COST
PES0
522497.12
414275. 31
531094.62
473877.50
699362, 44
967950.81
791665. 19
766284.25
891217. 44
879446.19
1008712.69
1602037.00
1593795, 00
1152951.00

1524792.00

REVENUE

PESD
763289.50
596712.50
755350437
666319.87
9693 46. 87
1317277.00
1072716.00
1036478.25
11996 08.00
1172383.00
1329943.00
2037329.00
2027429.00
14706 23.00

1862455.00

AVERAGE PLANT CAPACITY

UTILIZATION

SRAIN LOSS
PESO

0.00

0.00

1564.38
0.00
0.00
0.00

7718.33

3732.09
0.00

16670.95

47836.54
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OLANT I¥ PULL

CAPACITY,DAYS

14
1
10
3

12

20
19

%
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Yran GEAIN SAVEID BY ESTABLISHING COST OF DRYIXNG ENERGY COST OF DRYING

THE PLANT(CU.METER) PESO/ZU.M. PESO/CU.M.
1 931.15 32.06 18.37
2 693.30 38.25 13.98
3 837.76 35.79 19.07
4 706.90 41.44 20.74
5 984.55 39.67 20.54
5 1302.45 48.85 23.40
7 949.30 46.54 21.51
8 939.08 48.57 27.52
9 1014.93 43.97 26.88
10 954.23 52.71 30.54
11 1014.95 54.87 . 29.99
12 1662.09 90.66 31.74
13 1596.92 34.66 30.01
14 1027.64 84.69 36.58
15 1379.34 131.00 37.29

YEAR DRY GBAIN TO BE STORED IN DRY GRAIN TO 3E STORED IN NET CASH FPLOW

THE 1ST SEASON (CU.M.) | TH2 2ND SEASON(CU.N.) PESO
1 500.20 430.96 109895.81
2 180.22 : 513.09 68564.94
3 469.39 368.37 97286.25
3 323.50 383.41 73886.12
S 451.73 532.82 126587.94
6 663.07 639.39 210837.87
7 376. 11 637.46 133393.96
@ 340.29 598.79 121681.63
9 467.04 578.49 153863.06
10 603.86 385.59 134394.31
11 549.07 532.82 163748.62
12 671.35 990.74 293992.81
13 801.90 795.03 297432.639
14 674.65 424.01 144902.00

15 946.49 432.85 156128.97



PRINCIPAL COST OF THE PLANT(PESO)= 612636a. 19

NET PRESENWT VALUE({PESQ) = 416888.31

BENEPIT COST RATIO = 1.676

PRESENT VALUE OF NET CASH INFLOW(PESQ) = 1029524,50

TOTAL GRAIN LOSS, EXCEPT PROCESSING AND
HANDLIRG LOSS(PESO) = 81038.81

TOTAL GRAIN LOSS, EXCEPT PROCESSING AND
HANDLING LOSS({CU.M) = 79.9%5

PPOCESSING AND HANDLING LOSS(CU.H) = 81.72
TQTAL GRAIN SAVED BY ESTABLISHING

THR PLANT({CU.M) = 15994.58

REVENUE LOSS DUE TO LIMITED STORAGE CAPACITY

OP THE PLANT DURING ITS LIPE(PESO) = 244587. 94
STORAGE CAPACITY FOR DRY GRAIN(CU.¥) = 579.00
STORAGE CAPACITY FOR WET GRAIN(CU.M) = 112.45
DRYING CAPACITY OF THE PLAAT(CU.4/8 HARS) = 37.00
TYPE OF DRYER = BATCH OF CROSS~-FLOW

CONTINUOUS DRYER

SUNNY DAY DURING HABVESTING SEASONS(%) = 59.70
HARVEST DAY DURING HARVESTING STASONS(%®) = 69.24

TOTAL NO SUN-NO SUN SEQUENCE DURING H.SFASONS=
D®YING AIR TEMPERATURE (O C) = 80.00

MAXTMUM AIRTLOW RATE(CU.H/SQ.M/S) = 0.931
DAILY “AXIMOM PLANT OPERATING HOURS(HR) = 16.00
DRY GRAIN PARTIALLY T0 20.00% MOISTURE(DD)
TOTAL AREBR NFCESSARY TO SET UP THE PLANT,

INCLODING AREA POR SUN DRYING(HPCTARE) = 0.288
0.225

AREA NECESSARY FOR SUN DRYING (HECTARE)
SERVICE AREA OF THE PLANT(ACTUAL MEAN

DRGDUCTIVE LAND) (HECTAEES) = $00. 00

256
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THE COMPUTER PROGRAM OF THE MODEL
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SIMULATION OF WEATHER EPFZCT MINIHIZATION INVESTHENT %%
: AN APPLICATICN TO GRAIN DRYING SYSTEY DESIGN "X
AND MANAGEMENT IN A DEVELOPING REGION "
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A
A1
42

A3
A4
ACH
APR

alp
AMO

ChOSS~SECTIONAL AREA OF THE DRYER (SQ.METER)
SURFACE AREA FOE SUNDRYING OF GRAIN (SQ.METER)
SURFACE AREA THAT A LABOREE CAN COVER EFFECTIVELY
DUFING NATURAL SUNDRYING (SQ.HETER)

CRCSS—-SECTIONAL AREA OF STORAGE FOR WET GRALN
(50. METER)
CROSS~SECTIONAL AREA OF STORAGZ FOR DRY GRAIY(SQ.METER)
: APEA HARVESTED (SERVICE AREA OF THZ PLANT) (HECTAKE)
s MAYINUM AIRPLOW RATE NECESSARY TO DRY THE
GRAIN(CU.M./SC.M./SEC)

: AYNUAL INCREASE OF PAY OR SALARY, (DECIMAL)

: MOISTURE CONTENT OF SARTIALLY DEIED SRAIN,DRIED BY
THE PLANT (% DB). THE DRYERS ARF USUALLY DESIGNED FOR
TEN POINT MOTISTURE REMOVAT.

AOH#(I,J) : MOISTURE CONTENT OF HAQVEISTED GRAIN(WET) % DB.

BCR
BRK

c1
Cc2
Cc3
C3L

cc

: BENEFIT COST RATIO (DECIMAL)

: MAXIMUM INCOME LIMIT 4HERE COL20RATE INCOAE TAX BRATE
CHANGES (MONEY TUNIT)

COTTTCAL LBVEL OF SOLAR RADIATION FOF DETERMIYATION

OF SUN-NO SUN DAYS(CAL/SQ.CYH/DAT).

CRITICAL LEVEL OF SOLAR KADIATION FCP DETERYINATION

OF WORK-NC WORK DAYS FOR GRAIN HARVEST (CAL/S(.CM/DAY).

CRITICAL LEVEL OF ¥IND SPERD FO& DZTERMINATION

OF WIND-NO WIND DAYS FOR GRAIN HYARVEST (KM/HR).

: CAPACLTY BRACKET OF THE ZLEVATOR,NEEDED DURING
PUNCHYASE OF GRAIN ELZVATCE (CU.H./HR)

CADPITAL CONSUMPTION(DEPRECIATION PLUS TYTEREST O
SALVAGE VALUE) ON FACILITIES AND EQUIPMENT (MONEY/YR)

C®D(I,J) : DAILY ENERGY CCST GP GRAI¥ DRYING 3Y¥ THE PLANT

cI2

(LONEY UNIT)
: TOTAL INSURANCE 2AYMENT (MONEY UNIT)

CCG (I,J) : DAILY PURCHAGE CCOST CP WET AND PARTIALLY DRIED

GPAIN (MCNEY UNIT)

CO35F(I,J) : DAILY COST OF TAN OPERATIOY FIP? 4OVINSG AIR

THRCUGH GRAIN (MONEY UNIT)

Cos¥(T,J) : ENERGY COST OF TLEVATING SHRAIN (MONIY UNIT)

COST(I,J)

)

ca?L

cev
CRF

M)

DAILY LaBC2 CO5T ZMPLOYED IN SUNDRYING(40NZY U)
1 SPECIFIC HEAT CF JRYING AIR, (KJ/XG/0 C).

» TOTAL INVESTHAENT COST(MOWEY UMIT).

SEECLFIC HEAT OF JATER 7APOR, (KJ/XG/C CT).

CARITAL SECOVERY FACTOR.

: YZATLY COST CF REPAIR RUT MAINELEVAYCI (MOUIV CUIT)

CSL(I,J) : DAILY LCS3S JF I[APTIALLY DJRIED(SUN)Y G3IARIV DUT 7TC

C3LcS () @ YEARLY LCS5 2F F7VENUE JUE 70 L

OMAVAILAEILITY CF DUT 2LANT (¥C

CF THE STOZAST (MONTY TJHIT)

156



< 14:31:12

nnnnnnﬁnnnnnnnnnnnnnnr‘)nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

JUL 35 T544720.PRZIA2.FORT

CST : TOTAL SHELTER COST OF BQUIPHENTS. (HOY¥EY UNIT)
CTAX : CORPORATE TAX (DECINAL)

TAX1 : CORPCRATE INCOME TAX RATE FOR IST BRACKET (DECIHAL)
CTAX2 : CORPORATE INCOHE TAX RATE FOR 2ND BRACKET (DECIMAL)
CTF(J) : YEARLY TOTAL FIXED COST (MONEY UNIT)

CUP(I,J) : DAILY CAPACITY UTILIZATION OF THE PLANT (DECIMAL)

DCOST(I,J) : DAILY ENERSY COST OF PARTIALLY DRIZD (BY SUN)
GEAIN BY T3E PLANT (MONEY UNIT)

DDG : DENSITY OF DBY GRAIN AT FX % DB (KG/CU.METER)

DDF : DAILY HAXIMUM DRYING RATE OF THE PLANT(CU.M/DAY).

DFGRN(I,J) : AMOUNT OF PARTTALLY DRIZD GRAIN ACTUALLY DRIED
BY THE PLANT WHICH HAS COHME FROM PARMEES!
HCUSE (CU.METER) .

DGRAIN(I,J) : DAILY ANOUNT OF GRAIN DRIED BY THE PLANT(CU.N)

DH(I,J) : AMOUNT OF HARVESTED GRAIN WITHIN THE PLANT

SERVICE AEEA (CU.METER/DAY)

DLOS(X,J) : DAILY ANOUNT OF PARTIALLY DRIED(BY SUN) GRAIN
10SS DUE TO UNAVAILABILITY OF THE PLANT(CJ.H)

DMOR : DAILY MAXIHUMX PLANT OPERATING HOORS (HOURS) .

DPLS(I,J) : DAILY AMOUNT OF PARTIALLY DBIED (BY SOUN) GRAIN
DRIED BY THE PLANT (CU. METER)

DR : DRYING CAPACITY OF THR PLANT(CU.H./TD HOURS)

DSC : STORAGE CAPACITY FOR DRY GRAIN (CU.METER)
DSH : DAILY AVAILABLE MEAN SOLAR HOURS (HR.)
DY4G : MEAN DENSITY OF HARVESTED(W2T) GSRAIF (KG/CU.XETER)

E7 : OVERALL EPFICIENCY OF FAN-MOTOR SYSTEMY OR GRAIN
ELEVATOR/CONVEYOR (DECINAL).

EF OVERALL THERMAL EFFICIZSNCY OF THE DRYZR (DECIMAL)

E41 : HEZIGHT OF GRAIN ELEVATOR 1 (METER)
FH2 : 4EIGHT OF GRAIN ZLEVATOR 2 (METER)
ELL : HEIGHT OR LENGTH BRACKET OF THE ELEVATOE, NEEDED

DURING PURCHASE (METER)

ESE : EFFECTIVELY USED SOLAR HOURS PER DAY {EHRS.)

FCH(J) : YEARLY NET CASH FLOW (MONEY OYIT)

TCOST(I,J) : DAILY ENERGY CCST OP PARTIALLY DRIED 3RAIN
COMING PROM FAKMERS®' HOUST (MONEY JNIT)

TE : HRIGHT INCREMENT FACTOR FOR GRALN ELEVATORS (CONSTANT).

FGRK (I,J) : DAILY AMOUNT CF GRAIN SLOWING TO THE FARHTAS'
HOUSE (CU.312TER)

FGENP(I,J) : DAILY FLCW OF PARTIALLY DRIED GPAIY FROY
PARMERS® HOUSF TO THZ PLANT (CU.METIR)

FL : TXTRA LAND THAT HI3HT BE ¥ECUSSAKY FCR ROAD, LOADING

JNLOADING AREA, YISC. USE ETC. (5Q.*ETER)

FLOSS(I,J) : LOSS OF PA®PTIALLY DRIED GRAIN DUZ TO UNAVAIL~
ABILITY OF THE PLANT,COMING FROY FARMIES' HCUSE
{MONEY UNIT)

FLCSX(I,J) : LOSS OP DARTIALLY DRIED GRAIY DUZ TO
ONAVAILABILITY OF THE °LANT, GRAIN COMMING
PROM FARMERS' HOUSE (CU.METER)

FM : FINAL MOISTURE(SAFF STORAGE LEVEL) CONTENT GF THE

GEAIN (% DB).

FMCG(I,J) : ¥CISTURE CONTENT OF PARTIALLY DEIED GRAIN
CONING FROM FAKMERS' {HOUSE (3 DB).

ACOST(J) : YEASIY TOTAL COST CFP SRAIN D2YING (MONEY/YEAR)

5COSTP (J) : YEARLY TOTAL OPERATING C2ST OF THE PLANT (MONEY/YR)

514 @ MINIMUM MOISTURE CONTENT OF GRAIN AT HARVEST, (% DB).

GINT o TCTAL GPAIN LNS3,EXCRPT DPROCESSING AND HANDLING 1CS3
DURING ENTIRE LIFE OF THF 2LANT(CU. M)
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GRAIN(I,J) : DAILY GRAIY FLOW TO THE PROCESSING PLANT (CU.H)
5SAV(J) : AMOUNT OF GRALN SAVED IR YEAR J DUZ TO
ESTABLISHMENT OF THE PLANT (CU.HETER)
GSAVT : TOTAL GRAIN SAVED BY PSTABLISHING THE PLANT DURING
ENTIRE LIFE OF THE PLANT (CU.H)
GSUM(I,J) : DAILY TOTAL AMOUNT OF GBAIN READY TO STORE(CU.M)
GXM : MAXIMUM HOISTURE CONTENT OF GRAIN AT HARVEST, (% DB)
A(I,J) : DAILY AVERAGE OF ATR RELATIVE HUMIDITY (HISTORICAL)
HOL : GRAIN HANDLING AND QUALITY LOSS DURING ENTIRE
PROCESSING OPEPATTOH (DECIMAL)
UM : DATLY MEAN AIS DELATIVE ZUMUDITY, (&)
IDATS{") : CUHULATIVE NO. OF DAYS 9N #04¥THLY DENOMINATION.
IDAY : DAY OF THE MONTH. EXAMPLES 30,31,29,28 ZTC.
IF1 : FIRST DAY OF 1ST JFARVESTING SZASOW, DAY OP THE YEAG.
IP2 : PIRST DAY OF 2ND HARVESTING SPASON, DAY OF THE YEAB.
IPOLL(J) : NO. OF DAYS PLANT IN OPERATIUN ®ITH FULL CAPACITY.
IFY : BEGINNING YEAR OF INPUT WEATHER DATA HINAS ONE ZXMP.
(59~1)=58 .
I4D(J) : TOTAL HARVESTING DAYS IN A YRAR, DAYS
IL1-: LAST DAY OF 15T HARVZISTING SEASON, DAY OF THE YEAR.
IL2 : LAST DAY OF 2§D (ARVESTING SZASON, DAY OF THE YEAR.
INN : TOTAL NO. OF NO STUN~HO SUN SEQUENCE DU2ING HARVESTING
SEASONS. POR ENTTRE STWULATED PERIOD. NO SUN-NO SUN
SEQUENCE MEANS NO SUN TODAY AND ¥O SUN TOMORROW.
IPO(J) : TOTAL PLANT OPERATIYG DAYS IN A YZAR, DAYS.
ISUN(I,J) : GENERATED DAILY SUN-¥O SUN STATES (1-0)
IHIND(I,J) : GENERATED DATILY NO WIND-SIND STATES (1-0)
INOBK(I,J) : GEYERATED DAILY WORX-NO WORK STAIES (1-90)
IYR : YEAR, EXAMPLE 83 FOR 1983.
KFN : ¥C OF FUTURE DAD(WFATHEP) DAYS DHAT FAI¥3IRS MAY WAIT
FOR SUNDRYING BEFORZ THEY DZCIDE TOQ SELL THFIR GRAIY
TO THE PLANT. EXAMPLE FOE N¥O SUN TODAY-NO SON
TOMOEROR KPD=1,FOR NO SUN TODAY-NO SUN TOMORROW-NU
SUN DAY AFTES TOMORROW KPD=2 ETC. PLEASE CHOOSE
ONT VALUZ.
KSD': IT'S AN INDICATOR FOR DRYING OF PARTYALLY DRIED
GPAT¥. XSD=1 EEANS PARTTALLY (BY PLANT) DRIZD
GERAIN IS DRIZD BY THE PLANT. IF PLANT IS
YOT AVAILABLE, IT IS REDRIED BY SUN.
KSD=2 MEANS PARTIALLY(BY PLANT) DRIED SEAIN IS
IEDRIED BY SUN. IF SUN IS HOT AVAILABLE,
T IS DRIED BY THE PLANT. PLEASZ CHOOSZ ONZ VALUE.
KSY : IT*S AN INDICATOR FOR GRAIN SALE. KSY=1 MEANS
ALL DRY GRAIN IS SOLD OUT AT THE EZND OF ZACH DEYING
SEA3GN. KSY=2 MEANS ALY DRY GRAIN IS 531D JUT ONLY AT
THE EXD OF EACH YEAR. PLIAST CHUOSZ ON2 VALUE.
KUD : IT'5 AN INDICATC®.KRD=1 4SANS AISTORICAL %EZATHE? DATA
IS USED DIRECTLY AS A SUBSTITUTE OF GFYESATION
OF DAILY TEMP & HUMIDITY,ASSOMING SAME WRATHER
2ATTFRYN WILL 2ERSIST IN FUTURZ. KdT=2 YEANS dAIS{CEFICAL
WEATHER DATA IS USED TO GENEEATE DAILY TZMD 5
HUMIDITY GSING PR2-#ITTED PROSABILITY DISTRIBUTIGN.
PLEASE CHOOSE ONE VALUE.

Y ¢ TYND oF YZAER OF ILNPUT WEATAER DATA 2LUS 924EI, ITXA™ILT,
(83+1) =84
w1 3 TIMT 3EAY BETKEEY TRC SUCCESSIVE YEAES 07 CHINGR CF

33AIN PRODICTION (YRA2).
#2 1 2IMT 3PAN IN YEAES BETWEEN THO SUCCISSIVL YRARS 4F
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PRICE CHANGE Of ELSCTRICITY.

M3 ¢ TIME SPAN TN YEARS BETWEEN TWO SUCCESSIVE YEARS OF
PRICY CHANGE OF FUEL POR GRAIN DRYING.

N : TOTAL NO: OF HISTORICAL YEARS USED IN INPUT HEATHER DATA

NDAY (M) : NO.OF DAYS IN A 4ONTH.

H0S5 : NO OF GRAIN HARVESTING SEASOHS IN A YEAR.

NOYP : NO OF SIMULATED YEAR THAT IS EQUAL TO THE LIFE

OF THE DRYING PLANT (YEARS).

OM : MOISTURE CONTENT OF THE HARVESTED GRAIN (% DB)

0SP : 2ATIO OF OFF-SEASON GRAIN(DRY) 2PRICE TO THE
TN~-SEASON GRAIN(DRY) PRICE.

P1 ¢ COST OF PUEL FOR DRYING OF GRAIN{MONEY,/UNIT),
ZXAMPLE PESO PER LITRE.

22 : PRICE OF ENEEGY (ELECTRICITY) (MONEY UNIT/KW-HR)
23 ¢ LAEOR COST (XONEY UNIT/HR/LABORER)
P4 : PRICE OF HAPVEISTED(WET) GRAIN AT 4MOISTURE LEVEL

CP GX# % D3 (MONEY UNIT/CU.M)

PS5 : PRICE CF DRY GKAIN DURING HARVESTING AND DRYING
SEASON. (MONEY UNIT/CU.METER}.

PA ATMOSPHERIC PRESSURE (PASCAL)

PCS : PRICE CP CONCRETE STR2UCTOURES (MONEY ONIT)

PD : PUBCHASE PRICE OF THE DRYER UNIT,INCLUDES HEATER,
#0TOR, FAN,CONVEYERS ETC. (MONEY UNIT)

PE : PRICE OP GRAIN ELEVATOR (MONBY UNIT)

2EL : PRICE OF GRAIN ELEVATOR PER UNIT LENGTH I

ADDITIOHN TO ELL (MONEY UWIT)

PEMT : PRICE OF ELECTEIC MOTOR 1 (MONEY UNIT)
PEM2 : PRICEL OF ELECTFIC YOTOR 2 (MONEY UWIT)
PHAR : 2ERCENT OF HARVESTING DAY DURING HARVISTING

SZASCONS FORK ENTIRE SIMULATED 2ERIOD.
BPHL : TOTAL PROCESSING AND HANDLING LOSS DURING

FPNTIRE LIFE OF THE PLANT(CU.H)
PT : YEARLY INCREASE OF GRAIN PRICE(MONEY ONIT/CU.M.).
PIF : YEARLY PRICE INCREASE FACTOR FOR REPAIR AND HAINTE

NANCE OF THE PLANT (DECIXAL)
PIN : PERICDICAL PEICE INCREASE OF FUEL FOR GRAIY

DRYING, (DECIMAL)-.
PINT : PEZRIODICAL INCREASE OF 9PRICE OF ENERGY {ZLECTRICITY)

PRICE(DECIMAL).
PIX : YEARLY INCREASZ OF PRICE OF LABOR,

(IONZY UNIT/HP/LABORER).
PL : PRICE OF LAND (MONEY UNIT)
2LNT(I,J) : DATILY AMOUNT OF GRAIN DRIED BY THE PLANT (RET

GRAIN+PARTIALLY DRIED GRAIN) (CU.METER)
PLC(I,J) : DAILY LCSS OF 5RAIN DUE TO LIMITED CAPACITY
QF TEE DEYING PLANT (MONEY UNIT)

PMG ¢ ANNUAL TOTAL PRICE OF ONE MANAGZR AND AN OPERATOR-CUX-

TECANICIAN FCE OPERATING SEASONS ONLY WITY AN ANNUAL

INCREASE, AT A RATE OP AI? (MONEY UNIT).
: CHANGES IW GRAIN YIELD (DECIMAL)
S(I,J) : YABKOV TEANSITIONAL PROBABILITIES FOR SUN
NO SUN CONDITIONS.
W(I,J) : #HAR¥OV TFANSITIONALI PROBABILITIES FOR WOI3K
N0 W¥ORK CCNDITIONS.
WI{I,Jd) 3 MAEKQOV TPRANSITIOWAL PROCABILITIES FOR
NG AIND-HIND CONDITIONS.

3AATY TROCDUCTION RATE (CY.MITER/HECTART)
JEICE CF 3TORASE 5IN FOR DKY GRRIN(MONEY UNIT)
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PSUN : PERCENT OF SUNNY DAYS DURING HARVESTING
SEASONS FOR ENTIRE SIMULATED PERIOD.

PSW : PRICE OF STORAGE BIN FOR WET GRAILN (MONEY UNIT)

PTR : PROPERZY TAX RATE (DECIMAL)

PT™% : MEAN PERCENTAGE OF TOTAL HORKING DAYS DURING PEAK
HARVEST, (DECIMAL) .

PVL : PRESENT VALUE OF LAND (NONEY ONIT)

PVN : NET PRESENT VALUE QF THE ENTIRE PROJECT (MONEY UNIT)

PVR : PRESENT VALUE OF REVENUE EARNED (¥ONEY UNIT)

PVRNT = PRESENT VALUE OF LAND RENTAL COST (ZONEY UNIT)
PYSR : PEESENT VALUE OF PLANT SALVAGE REVENUZ (MONEY UNIT)
01 : NBET HEATING VALUE OP FUEL USED POR GRAIN DRYING
(KJ/UNIT) . EXAMPLE KJ/LITRE.
QF(I,J) : DAILY AIRFLOW RATE NECESSARY TO DAY THE GRAIN,
(CU.METER/SQ.N./SEC).
QF?(I,J) : DAILY AIRPLOW PATE NECESSARY TO DRY THE PARTIALLY
DRIED GRAIN COMING PROM FARM HGUSE(CU.M/S5Q.M./S)
QFS(I,J) : DAILY AIKPLOW RATE NECESSARY TO DRY PARTIALLY
DRIED (SUF) GRAIN (COD.H/SQ.M®/SEC)
RA (I,J) : GENERATED DAILY AIR RELATIVE HUMIDITY (DECIMAL)
RAIN : DAILY RAINFALL, (NH)
RE : EXHAUST AIR RELATIVE HUNMIDITY OF DRYING AIR (DECIMAL)
REV(L,J) : SEASONAL REVENUE EARNED (HONEY UNIT)
RI : INTEREST BATE (DECIMAL)
R¥ : CRITICAL LEVEL OF RAINPALL POR DETERMINATION OF
SUN-NO SUN CONDITIONS (M¥).
BN1 : CRITICAL LEVEL OF RAINPALL FOR DETZRIINATION OF
WOBRK-NO WORK DAYS FOR HARVESTING OF GRAIN(HN).
®NTI : LAUD RENT RATE (MONEY UNIT/SQ.M/YEZAR)
8SV : TOTAL SALVAGE VALUE OF EQUIPMENT AND FPACILITIES. (4.0.)
S(I,J) : HISTORICAL SUN-NO SUN DAYS.
3aV(I,J) : DAILY AMOUNT OF GRAIN SAVED DUE TO ESTABLISHYENT
OF THE PLANT (CU.METER)
SCAIE : SCALE PARPAMETER OF THE FITTED DISTRIBUTION.
SHAPE : SHAPE PARAMETER OF THE PITTED DISTRIBUTION.
SLCS(L,Jd) : SEASONAL LOSS OF REVEHLUE DUE ©0 LIMITED CAPACITY
OF THE STOEAGE PACILITIES FOR DRY GRAIN
SCLAR : DAILY SOLAR RADIATICON, (CAL/SG.CN./DAY).
ST : TEMPERATURE INCREMENT OF STO3AGE GRAIN ABOVE
AMBIENT (O C).
STR : SALES TAX RATE (DECINAL)
SUMG(L,J) : SEASONAL TOTAL DRY GRAIN RBADY TO STORE(CU.METER)

SVC : SALVAGE VALUE OF CONCRETE STRUCTURES (DECIMAL)
SVD 2 SALVAGE VALUE OF THE DRYER UNIT (DECIMAL)

SVE : SALVAGE VALUE OF ELEVATOR. (DECIMAL)

SVS : SALVAGE VALUE OF STOBRAGE STRUCTURES (DECIMAL)
SAC : CAPACITY OF STOPAGE FOR WET GRAIN ({CU.METZR)

T(I,J) : HISTORICAL DAILY MRAN AIR TEHPERATURE (0 7)

TA(I,5) ¢ GENERATED DAILY AXBIENT TEMPERATURE (0 Q)

TC : SURFACE TEMPERATUKE OF SUNDRYING PLATFORM OP SURFACE
ABOVZ AMBIENT (0 C).

TC5(J) : YEARLY PURCHASE COST OF WET AND PARTIALLY DRITD

GRAIN (MONEY UVIT)

m™COST(I,J) ¢ DAILY TOTAL COSTS (MONEBY UNIT)

TD : TIME CF DOYING(SINGLE SHIFT OF PLANT OP2ZRATION)} (HNURS).

TDD : TCTAL DAILY DUYING CAPACITY OF THE DRYRBRS 2RISINTLY
USED WITHIN THE SERVICE AREA OF TIE 2LANTI(CU.M/DAY).

TDED TCTAL DIPPECIATION COST PER YEAR (MOKZY UNIT)

160



161

v 144112 2 JuoL 35 TS544720.PRZ2TA2. FORT

TEMN : DAILY MINIBNO# TEMPERATURE O C, EYAEPLE 25.7 QO C.

TEMX : DAILY MAXIMU¥ TEM2ERATURE O C, REXAMPLE 30.5 O C.

TP : TIME EPFICIENCY CF SOLAR RADIATION UTILIZATION (DECIMAL)

TH : TEMPERATURE OF DRYING AIR, (0 C).

TIP : TOTAL INTEREST PAYMENT PER YEAR (MONEY UNIT)

TPLA : TOTAL AREA NECESSARY TO SET UP THE DRYING

) PLART (HECTARE).

TREV(J) : YEARLY REVENUE EARHED (MONZY ONIT)

TXP : TOTAL TAX PAYMENT (MONEY OWIT)

UCOST({J) : ENERGY COST OF GRAIN DRYING ONLY (MOHEY/CU.H.)

UPC : UNIT PRICE OF CCNCRETE STRUCTURE(PLATFORY) (4ON./SC. 1Y)

UPD : UNIT PRICE OF TE® DRYER COMPLETE WITH ALL DRYING
COMPONENTS AdD INCLUDE FREIGHT AND INSTALLATION COSTS
(MONEY UNIT/CU.M./HR)

UPL : UNIT PRICE OF LAND (MONEY UNIT/SQ.NETER)
UPM : UNIT PRICE OF ELECTRIC MOTOR (MONTY UNIT/KW)
UPS : UNIT PRICE OF STCRAGE STRUCTURE (MONEY UNIT/CU.METER)

UTCST(J) ¢ ONIT COST OF GRAIN DRYING (MONEY/CU.H.)

VCOST(J) : YERRLY TQTAL UARIRRBLE COST (MONEY UNIT)

W(I,J) : HISTORICAL WORX-NO WORK DAYS (1-0)

WI(I,J) : DAILY WIND SPEED(HISTORICAL), (KPH).

WIND : DAILY WIND SPEBED, (KM/HR). EXAMPLE 5.6 KPH..

WB : NO OF SHIFTS OF PLANT OPTZRATION PER DAY, BACH SHIFT

CONSISTS OF TD HOURS.

X : DEPTH OF GRAIN IN THE DRYER (METZR)

¥1 : DEPTH QF GRAIN TO BE USED IN SUNDRYING (METER)

YLOCA : LOCATION PARAMETER OF THE PITTED DISTRIBUTION.

XC : MISCELLANEOUS COST, DECIMAL OF TOTAL VARIABLE OR2

OPERATING COST CF THE PLANT (DECIMAL).

X231 ¢ MEAN PEICE OF GRAIW ELEVATOR(WITAO0UOT MOTOR) AT LZSS
THAN OR EQUAL TO CEL({JONEY UNIT)

{PE2 : MEAN PRICE OF GRAIN ZLEVATOR(WITHOUT 410TOR) AT
GREATER THAN CBL(MONEY UNIT)

{SUM(J) : TEARLY TOTAL AMOUNT OF GRAIN EEADY TO STORE ({(CU.d.)

YCcU2 (J) : HEAN CAPACITY UTILIZATION OF THE PLANT

DURING PLANT. DPERATION.

YGL(J) : YEARLY GDAIN LG3SS (MONEY UNIT)

YGLOS(J) : YEARLY GFAIN LOSS INCLIDING STORAGE LOSS(¥.U.)

YGLT : TOTAL GRAIY LOSS(EXCEPT PROCZSSING AND HANDLING
LOSS DURING ENTIRE LIPE QF THE 2LANT (MONEY ANIT)

YSUMG(I,J) : YEARLY TCTAL DEY GRAIN 2EADY TO STORZ(CU.M.)

YY : MEAN FERCENT OF TOTAL AEEA TO BE HARVESTED DURING

PEAK HARVEST, (DZCIMAL).
CCcececceeceecececeecereccececececceccccecceccececceccececcccecccccececceecececeec

nngnnnnnnnr)nnnnnnnnnnnnnnnnnnnnnnnnonnnnonnnnn

2T OCK DATA
COMMON /AA/LIDATE(12),¥DAY(12)

COXMON /CC/XLOCA(12) ,SCALE(12),SHAPE(12)

DATA IDATE/0,31,59,90,120,151,181,212,243,273,304,334/
DATA ¥DAY/31,28,31,30,31,30,31,31,30,31,30,31/

DATA XTCCA/24.9499.0.0,21.3445,0.0,0.0,28.3003,22.3514,
%27.4519,27.365,0.0,0.0,21.1176/

DATA SCALZ/G.696483,25.958,5.73268,23.7535,29.403,0.623223,
%5.13038,0.596543,0.555387,27.4178,26.8475,4%.81393/

DATA SHAPZ/9.0,23.7895,5.65088,32.6476,29.1899,3.0,35.29442,
%0.0,0.0,33.0084,29.2384,4.28437/

EN4D
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DATA A1/2250.0/,A3/25.0/,24/50.0/,ACH/500.0/,4IP/0.05/

DATA ANO/20.0/,BRK/100000.0/,C1/250.0/,C2/110.0/,C3/15.0/
DATA CBL/10.6/,CTAX1,/0.25/,CTAX2/0.35/,DDG/572.26/,DR/37.0/
DATA DsSC/579.0/,DSEED/60768.D0/,D¥G/642.54/,5LL/3.05/,FE/1.1/
DATA FL/500.0/,FM/14.0/,6I4/26.0/,GX8/30.0/,8Q0L/0.005/

DATA IFY/S8/,IF1/232/,IP2/311/,TL1/274,

DATA IL2/355/,K¥D/1/.,KSD/1/,KSY/ 1/ ,KWD/1/,LL/84/,81/10/,82/72/
DATA M3/2/,8/25/,805/2/,080¥YR/15/,05P/1.1305/,P1/3.25/

DATA 22/1.0/,P3,2.025/,P4/558.32/,P5/725.096/,PEL/490.0/

DATA PI/36.228/,PIF/0.02/,PIN/0.14/,PIN1/0.14/

DATA PIX/0.291/,PM0/12600.0/,PRI1I/0.26/,PBT/3.57/,PT3/0.03/
DATA PTW,0.5/,0Q01/35667.2/,R1/0.11/,RN/5.0/,8H1/5.0/

DATA RNTL/0.2/,STR/0.01/

DATA SVC/0.15/,5vVDb/0.15/,5VE/0.15/,5VS5/0.15/.TD/8.0/

paTa TDD/0.0/,TH/80.0/,0PC/65.5/,UPD/35905.56/,0PL/17.5/

DATA 0PM/1515.8/,UP5/327.5/,88/2.0/,XC/0.005/

DATA XPE1/4062.57/,iPE2/4691.99/,YY/0.6/

SEE POR MORE DATA IN THE BEGINNING OF THE APPROPRIATE
SUBROUTINE SUBPEOGRAMS BELCONW.

KRR EFERREERARERREE R EERRDARRARR AR AR ER B R R TR R KK R R Kk

CO1MON ,AA/IDATE({12) ,BDAY(12)

COSMON /BB/TA(365,15) ,RA (365,15)

COMMON ,/CC/XLOCA(12) ,SCALE(12),SHAPE(12)

COMMON /DD/DGRAIN (365,15),DLOS (365, 15)

coNMoN /EE/COST(365,15),DCOST (365,15) , PLNT (365,15),
#pPLS (365,15) ,CSL(365,15) ,QFS(365.15)

ccrMON /PP/PNCG (365, 15) , DFGEN (365, 15) ,C0S4(365,15)

COMMON /GG/INORK(365,15),GRAIN(365,15)

COXMON /HH/ISUN (365, 15)

coxMON /RY/K1{15) ,K2(15)

CONMCK /00/PGRN (365, 15)

CONXON /PP/FGBNP (365, 15)

coMMON /TT/2LO(365,15),3L0(365,15)

COAMON /SS/AOM (365,15)

COMMON /RW/T (365,25) ,H(365,25)

coMMOL /22/IWIND(365,15)

DINTRSIOH S(365,25),4d(365,25) ,PROBS (365,4),
*pPROEW(365,4) ,PROBWI(365,4) ,KI(365,25) ,YSUNS(15),
#120(15) , YCUP (15) , IHD {15) ,IPULL(15) ,
*CTD (365, 15) ,QF (365,15)
*,FLCS5 {365, 15) ,FCOST (365, 15) ,QFP (365, 15) ,CUP (365, 15)
*,CCSF(365,15),VCOST[15) , 7C¥{15) ,¥5L(15) ,¥YGLOS (15)
*,5SUM(365,15), 3086 (2,15) ,S105 (2, 15),C3L0S(15) ,TCOST {365, 15)
*,3EV(2,15),TREV (15) ,CGG (365, 15) ,TCG(15) ,CRY{15) ,CTF (15
* ,GCCST(15) ,4SUX(15),0CC5T(15) ,0TCST(15) ,SAV (365,15}, 5S4V (15)
%, FLCSY{265,15) ,GCOSTP (15)

162
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C x

c * . PART I : SPWNY *
C * *
C * SINULATION PROGERAM FOR WEATHER VARIABLES *
C x *
C TREREEEARXAEE RS FE XY XSRS RE RGNS UK R B Rk ok X ke kL Rk
c

carl T¥T1(¥,S,T,PROBS)
CALL INT1(¥,¥,H,PROBW)
DO 18 J=1,N
DO 19 I=1,365
#I (I,J3)=9999.0
19 CONTINUE
18  CONTINUE
50 CONTINUE
READ(10,100,END=200) IYR,MON,IDAY,TEBMN,TENZ,H0H,
*RAIN,SOLAR, WIND
100 PoRMmAT(1X,12,1%,12,1X,I2,5%,P4.1,1%X,74.1,1%,75.1,1X,75.1,
*1X,¥5.1, 1X,F5. 1)
IT (MON.EQ.2.AND.IDAY.GE.29) GO TO 50
AVTEMN= {(TENN<TEHX) /2
IF (SOLAR.GT.CT1.AND.RAIN.LT.8Y) GO TO 60
SUN=0.0
50 TC 70
60 SON=1.0
70 CONTINUE
IF (SOLAR.GT.C2.AND.EAIN.LT.RN1) GO TO 80
HCRK=0.0
GO TO 90
33 HORK=1.0
90 CONTINUE
IP (WIND.GT.C3} GO TO 95
¥INDY=1.0
30 TC 87
86 WINDY=0.0
37 CONTINUS
KDATE=IDATE (MON) + IDAY
LYP=IYR - IFY
T(XDATE,LYR) =AVTEH
4 (KDATE,LYR) =HUY
S(KDATE,LYR) =SUN
W(KDATE,LYR) =WORK
4I (KDATF,LYR)=WINDY
IP (IYR.IT.LY) S0 TC 50
200 CONTINUE
CAILl SREAK(N,S,P5ROBS)
CALL 85EAK(N,W,PROBW)
CALL SPEAK(N,WI,PROBWT)
THIS PART OF I'HE PROGEAM 1S FOR GINERATION CF TWO
STATE COWDITIONS. THAT IS SUN-NC SUN AND HARVEST-NO HARVIST
AND NO WIND-WIND STATES AS INDICATED RY -0
CALL STATZ(NOY?,DSEUD,?R08S, ISUH)
CALL STATZ(NOYR,DSFED,PRGEW, INGEK)
CALL STATE(NOYR,DSEED, ?EQ2WI, IRIND)
IF (X%5.Z22.1) GO TG 299
CALL $NTH(HOYR)

anon
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GO TO 399
CALL HTH (NOYR)

BERAEREEEEA B BERFEE RS REEE A ERERRB NSNS NI GE T RERDE R AR R R IRK K

PART II : SPGDM

SIMOLATICH PROGRAM FOR GRAIN FLOR,DRYING
AND HANAGEHENT

X % # ox 3

AR E UK ST R R TR TR AR A kR DR RS RRR R R R ok Rk ekl & R R

CALL YGRN(NOYR,KPD,TDD,?TH,YY,GX¥,GI4,IF1,IF2,IL1,1IL2,
«ACH,PRT,PRI,M1,ISD,INN)

CALl FHGRE (NOYR,TDLC,FM, PNC3)

CALL GLOSS (NOYR,PI,P4,?5,DR,¥R,GIN,GX", FH,TA, GRAIN,DSRAIN,
*SHC,DDR)

IKK=0

Do 110 J=1,HOYR

IKR=IKK+R1(J) +K2 (J)

Do 210 I=1,365

CED(I,J)=0.0

QF (1,J)=0.0

COSTINUE

CONTINUE

IDH=({IL1-IF1) + (IL2-IP2) +2) *NOYR

2S5 UN=(ISD*100.0) /XDH

2HAFP=(IKK*100.0)/IDH

20=p1

D0 310 J=1,NO0YR

PO 410 I=1,365

IF (DGRAIN(I,J).EQ.0.0) GO TO 410

DG1=DGRAIN (I,J)

TA1=TA(I,J)

EA1=RA {I,J)

IFP (RA1.LE.1.0) GO TO 325

%A 1=1.0 )

CONTINUE

OM=A0M (I,J)

CALL ECOST(TA1,RA1,DR,TD,TH,DDG,DG1,P1,0M,AN0,Q1,24,C2D1,4)
QF (I,J)=0A

CZD(I,J) =CED?

CONTINUE

[P (M3.BQ.1} GO TO 312

N2=J/43

K22=M3*N2+1

IP (J.EQ.1) 60 TO 310

IF (J.EG.K22Z) GO TO 312

GO TO 310

B1=P1+P1%DPIN

CONTINUD

21=p0

IF (¥5D.EQ.1) GO TO 199

CALL C3D1(¥0Y%,7D,TE,%3,81,2I4,PIX,?3,P4,35,0%,5%%,50%, 05,
#0DG,PL,P21,A4C, A1)

S0 70 198

CALL C3D2(MCYF,7D,TE,42,01,2IY,PIX,23,24,25,7%,3%4,00%, 08,
«DDG,2I,P1,4M0,A1)

*
®
*
*
%
%
®

164
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192 CONTINUE
C THYIS PORTION OF THE PROGEAY CALCULATES THE COST OF
C DRYING OF PARTIALLY DRIED GRAIN BY THE PLANT AND THE VALUE
C OP LOST GRAIN DOE TO GRAINY FLOW PROH PARMERS® HOUSE

401

791

162
163

[
o
s

po=01

PY=D4

PN=BS

Do, 201 J=1,NOYR
D0 301 I=1,365
FLOSS(I,J)=0.0
PLCSX(I,J)=0.0
FCOST(X,J)=0.0
QFF(I,Jj=0.0
DFGRN(ZI,J)=0.0
TA1=TA(I,J)
RA1=RA (I,J)
PG=FPGRNP (T, J)
C4=FACG (I,d)

17 (FG.EQ.0.0) GO TO 301
I? (PLNT{I,J).EQ.DDR.OB.DGRAIN(I,J).EQ.DDR) GO TO 401
IF (PLNT(T,J) «GT.0.0.OBR. DGRAIN(I,J) .GT.0.0) GO TO 601
IF (FG.GT.DDR) GO TO 701

CALL ECOST(TA1,RBA1,DR,TD,TH,DDG,PG,P1,CN,F4,01,0BA,COSTA,A)
FCOST(I,J) =CCSTA

OFF (I,J) =0BA

DFGRN (I,J) =FG

G0 TO 301

PLOSS(I,J) =PG* (P4+ ((P5-P4) / (GXM-FHN))* (GXM-CH))

FLCSX (I,J) =F3

GO0 To 301

EXX= (F3-DDR) .

CALL ECOST(TA1,RA1,DR,TD,TH,DLG,DDR,P1,CH, P, 01,038, COSTE,A)
FLOSS{I,J) =EXX* (PU4+( (D5-B4) / (GXU~FPM)) * (GXH-CY))

108X (I,J) =EXX

FCGST (I,d)=CCSTB

9FF (I,J) =Q8B

IFG?N (I,J)=DDR

G0 TO 301

IF (PLNT(I,J}.6T.0.0) G0 TO 162

L BX= {DDB-DGRAIN (I,J))

50 T0 163

{FX= (DDR-PLNT(I,J))

I? (FG.GT.XEX) GO TC 602

CALL 7COST(TA1,RA1,DR,TD,Td,0DE,FG,21,C4,FH,Q1,0BC,COSTC,A)
FCCuT(I,J) =CCSTC

Q¥F (I,J)=QBC

DPGIN (I,J) =FG

30 To 301

CALL EZCOST (TA1,RA1,DR,TD,THd,D9G6,XEY,21,CH,7H,0Q1,28D,C0STD,A)
FLCSS(T,J) = (FG=XEX) * (P4+ ((P5=D4) 7 (GAN-FN)) * (GIM~-CH))
FLCSX (Z,J) =FG-XEX

FCOST (I,J) =COSTD

OFF (I,J)=QBD

DFGEW (X,J) =XEX

CONTINUE

IF(43.EC.1) GO TO 377

N2=0/%3

£22=83%32+1



166

11 14:41:12 § JgL 25 T544720.PRZIA2. FORT

IF (J.E0.1) G0 TO 277
IF (J.EQ.K22) GO TG 377
60 TC 277
377 P1=E1+p1%pIN -
277 P5=P5+PT
P3=P4+PI
201 CONTINO®
P1=PO
24=DY
25=py
THIS ECRTION OF THE PROGRAM CALCULATES THE COST OF
OPERATING PAN FOR MOVING AIR THROUGH GRAIN DOZING DRYING
PQ=p2
DO 801 J=1,5OYR
DO 901 I=1,365
DG 11=DGSAIN (I,d)
21 1=QF(1,J)
DP 11=DPLS (I,4d)
C22=0FS (I,J)
FG 11=DPGRN (I,J)
Q33=¢FF(I,J)
COSF(I,Jd)=0.0
IF (DG11.BQ.0.0) GO TO 909
CALL CPAN(P2,TD,Q11,0G11,COF1)
COSF (T,J)=COF1
909 IF (CP11.EQ.0.0) GO TO 907
CALL CFAN(P2,TD,022,DP11,COF2)
COSF (I,J) =COSF (I,J)+COF2
907 IF(F511.%2.0.0) GO TO 901
CALL CFAN{P2,TD,Q33,PG11,COF3)
CGSF (I,J)=COSF (I,J)+COF3
201 CONTINUE
IF (42.E0.1) GO TO 836
N2=J/82
K22=M2%Yy2+1
IF (J.2G.1) GO To 801
17 (J.EG.K22) GO TG 836
GO TO 801
335 D2=p24D24DIN1
201 CONTINOE

N A

c THIS 20RTION OF THE PRCGRAM CALCULATES THE MAXTIYIM AI®FLOR
C NECESSARY TO DRY THE GXAIN.
AFR1=0.0
APR2=0.0
A7RS=0.0
20 174 J=1,N0%¥2
DO 176 I=1,365
1=J
IF (1.EQ.365) GG TO 274
GO 70 374
274 L=

IF (J.NE.NOYR) H=J+1

374 APR2=AMAX1(QF(I,M) ,CF(L+1,2))
AFR1=AMAYX1 (AFE1,AFR2)
AFRU=AMAXT (L FF (I, %), 2FF (L+1,))
AFEI=pAYAYY (AFR3, AFRY)
AFRG=A%AKT (OFS (I, 8),2FS(L+1,2))
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176
174

NN

102
101

[N $]

31

1

104
103

203
204
106

105

AFR5=AMAX1(AFRS,AFR6)

CONTINUE

CONTINUE

APR=AMAX S (AFR1,APR3,AFR5)

p2=pQ

EH 1= {SKC/A3) »FE

BH2= (DSC/AL) #PE

Of= (GXM+GIN) /2

CALL CEG(NOYR,TD,®2,°IN7,EH1,EH2,P2,DDG,DRG,DR,08,FH,
*A40,PE1, PE3)

THIS PART OF THE PROGRAM CALCULATES THE TOTAL AMOUNT
CF DRY GRAIYM THAT NEED TO BE STORED DURING A DRYING
SEASON.

DG 101 J=1,NOYR

DO 102 L=1i,n05

SUMG (L,d)=0.0

SLOS(L,J) =0.0

CONTINUE

CONTINUE

DO 103 J=1,NOYR

DO 104 I=1,365

THE FOLLOWING STATEMENT INDICATES TEE TIME SPAN BETWEEN
THO STAATING PIONTS OF THE SUCCESSIVE HARVESTING SEASONS
IF(I.GT.232.AND.I.LE.310) GO TO 31

L=2

G0 TO 51

L=1

GSUM(I,J)=DGRAIN(I,J) +DFGRN (X,J) ~-DLCS (T, J)
®~HQL* (DGRAIN (I,J) +DFGRN (I,J))

SUMG (L,J) =SUMG (L,J) +6SUH (X, J)

CONTINUE

CONTINUE

THIS PORTION OF THE PROGEAN CALCULATES THE LOSS DUE TO
INSUFFICIENT STORAGE CAPACITY AND TOTAL XEVENUE.

IP (KSY.EQ.2) GO TC 939

D0 105 J=1,NOYR

CSL05(J)=0.0

TREV({J)=0.0

D0 106 L=1,HOS

IF (SUMG(L,J) -LT.DSC) GO TO 203

5L0S (L,J) = (SUNG (L, J) =DSC) * (0SP*P5~P5)

CSLOS (J) =CSLOS (J) +SLOS (L,J)

REYV (L, J) =DSC*0SD*ES+ (SUMG (L, J) ~DSC) *P5

GO T0 204

£EV (L, J) =SUMG(L,J) *0OSP*25

T9ZV (J) =TREV (J) +BEV (L, J)

CONTINOE

E5=D5+71

CONTINOE

50 TO 119

D0 129 J=1,NOYR

CSLOS(J)=N.0

TREV (J) =0.0

TSTHG (J) =0. 0

50 229 L=1,N0S

TSUMG(J) =YSTNG (J) +SUNG (L,J)

CONTINUE

IF (Y5UMG (J) .LT.DSC) GO TO 224
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CSLOS (J) = (YSUMG (J) ~DSC) & (0SP*D5-P5)
TREV (J) =DSC*0SP&DP5+ (YSUMG (J)=DSC) %P5
GO TO 129

TREV (J) =YSUHG (J) *OSP#P5

PS=P5+PI

CONTINUE

P5=pPN

CALCULAT? THE AMOUNT OF GRAIN COULD BE SAVED BY
ESTABL1SHING THE DRYING PLANT.
KFD1=KPD+1

DO 190 J=1,NOYR

20 192 I=1,365

SAV(I,J)=0.0

IP (GRAIN(I,J).20.0.0) GO TO 192
OM=AOM (I, J)

TAA=TA (I,J)

CALL SSLG(TAA,04,SS)

IX1=IFIX (55)

¥20=5S-IX1

I% (X20.GT.0.5) IX1=IX1+1
IP(KFD1.GT.IX1) GO TO 193

GO0 TO 192

SAV(I,J)=GRAIN(I,J)

CONTINUE

CCYTINUE

GSAVT=0.0

PHL=0.0

70 194 J=1,NGYR

GSAV(J)=0.0

"o 195 I=1,365

5SAV(J)=GSAV (J) +SAV(I,J) +FGRND(I,J)-GLG(I,J)-DLOS (I,J)
#~F 105X (I,J) ~HQL*(DGRAIN(I,J) +DFGRYN (I,J))
PUL=PHL+HQL* (DGRAIN (I,J) +DPGEN(I,J))
CONTINUE

3SAVT=GSAVT+GSAV{J)

CONTINUE

K REERFEIRTERIEENR AT FE R AR ERFF R TR RIRA R ok R R R Rk % Aok K
SART IIXI : SPFA

SIMULATION PROGRAM FOE FINANCIAL AKALYSIS

* 8 H ¥ %

&
*
=
*
*
*
AR KRR RERREREERREREXREEE XX RERRE RN KRR ERR RRNERER kDG

4IS 208TICH OP THE DPROGRAY CALCULATES THE SUM OF SOME
OPEPATING CGST OF THE PTaNT AND THE® COST OF THE GRAIN.

Do 107 J=1,XNCYR

TC3(J) =0.0

D0 108 I=1,365

oM=ACH (I, J)

TCO3T(I,J)=PLO (I,J)+CED(I,J) +COST(I,J} +CSL(I,J) +DCOST (I, J)
*+P1CSS5 (I,J) +PCOST (I,J) +COSF (I,d) +COSY (I, J)

COGUI, )= (SRATN (L, J) %P4) +FGRYD (I, J) * (B4+ ((D5-D4) / (DU~-FY) ) *
${0"=-FMC3(I,d)))

TC 3 (J) =TCS (J) +CGG (I, J)

couTINg®

P5=DpS+PI

168
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P4=PU+DT
CONTINUE

PU=PH

P5=PN

TRIS PORTIQN OF THE PROGRAM CALCULATES TOTAL VARIABLE COSTS
, THE YEARLY GRAIN LOSS , THE DAILY CAPACITY UTILIZATION
OF THE GRAIN PROCESSING PLANT AND OUNIT COST OF GRAIN DRYING
DM0TI=0.0

YGLT=0.0

¥GLOST=0.0

3L0T=0.0

CSLOST=0.0

po 71 J=1,ROYR

120 (J) =0

YCUP (J) =0.0

Y51 (J) =0.0

IFPULL(J) =0

GCOST(J)=0.0

1SUN (J) =0.0

VCOST (J) =CSLOS (J)

po 72 1=1,365

VCOST{J) =VCOST {J) +TCOST (I,J)

GCOST{Jj =3COST (J) +CED (I,J) +COST(I,J) +DCOST (I,J) +PCOST (I, J)
*+COSF (I,J) +COSH (T, J)

XSUM (J) =XSUR (J) +GSUH {T, J)
GLOT=GLOT+GLO(I,J) +DL0S (I,J) +FLOSX (I,J)

YGL (J) =YGL (J)+ (PLO (I ,J) +CSL (I,J} +PLOSS (I,J))
CUP(I,Jd)=(DGRAIN (I,J)+DFGRN (I,J) +DPLS (I,J)) /DDR

IF (CUP (I,J).6T.0.0) 50 TO 154

50 TO 72

IPO (J) =IPQ(J)+1

IP (CUP(I,J).EQ.1) GO TO 436

GO TO 438

IFULL(J)=IFULL(J) +1

YCU2 (J) =YCUP (J) +CUP (I, )

CCNTINUE

GCOSTP (J) = (GCOST (J) + (PMO+PMOI* (J~1)))
YGLT=YGLT+YGL (J)

VCOST (J) = (VCOST (J) + (PEO+PHOI* (J- 1} ))

YG LOS (J) =¥GL (J) +CSLOS (J)

YGLCST=YGLOST+YGLOS (J)

€51L0ST=CSLOST+CSLOS (J)

YCOP (J) =YCUP (I} /IPO(d)

UCOST (J) =GCOST (J) /XSUN{J)

IHD (J) =K1 (J) +K2 (J)

PYOI=AIP*PNO

CONTINUE

D0 333 J=1,NOYR

VCOST(J) =VCOST (J) * (1+XC)

UTCST (J) =VCCST (J) /XSUN(J)

CONTINUE

DACR=TD*KR

THIS PORTICN OF THE PROGRAN CALCULATES THE FRINCIPAL
COST OF 7HE OLANT COAPONEYT

DR 1= (DE/TD)

20=(CE/TD) *UPD

25 ¥=5WC*UPS

25D=05C*UPS
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CALCULATE THEE COST OF GRAIN ELEVATOR
IF (DR1.GT.CBL) GO TO 706
IP (EH1.GT.ELL) GO TG 606
EP 1=XPE1 .

GO TO 607

EP 1=XPE1+PEL* (EH1-ELL)
IF (EH2.GT.ELL) GO TO 608
EP2=XEE1

GO TG 609 .
EP2=YPE1+PEL4 (SH2-FLL)
30 TO 609

IF (E41.GT.EIL) GO TO 803
EP 1=XPE2

30 TO 802

EP 1=XPB2+DRL* (EA2-ELL)
IP (RH2.GT.ELI) GO TO 807
EP2=XPE2

G0 TO 609
EP2=XEE2¢PEL*(EH2-ELL)
PE=EP1+EP2

17 (AM0.LE.FM) A1=0.0

PL= (A+A1+A3+A4 +FL) *0PL
PCS= (A+AT1+A3+Al4) *GPC
PEM1=PE1*0PN
PEM2=PE3*UPN
CPRL=(PD+PSW+PSD+PE+PL+PCS+PENT+PEN2)

REREEXEREKZBEEREERNEE RN AR EERER R B AR RGBSR KR K RE NS KRR &

CALCULATE THE PIXED COST OP THE PLANT COMPONENTS.
CALCULATE DEPRECIATION USING CaPITAL RECOVERY
PACTOR (C2P) .

CRP= (PI*(1+RY) **NOYR) / ((1+RI) #*HOYR-1)
TDRP=((PD-SVD*PD) + (PR-SVE*DE) + (PSW-SV5*DSK) + { PSD~SVS*DSD)
5+ (PCS-SVC*PCS) + ( (PEH 1+PEN2) ~SVD* (PEM1+PEN2) ) ) *CRF
CALCULATE CAPITAL CONSUMPTION (DEPRECIATION PLUS INTEREST
ON SALVAGE VALUB) ON FACILITIES AND EQUIPHENT.
CC=TDEP+ (SVD*PD+SVE*PE+SV3*PSH+SVSAPSD+3VC*PCS
5+SVD*(PEE1+4PEM2) ) #*RT , .

CALCULATE TAXES.

TXP= (STR/NGYR+0.25#PTR) *CPRL

CALCULATE INSURANCE COST

CI2=0.0025% (CPRL-PL~PCS)

CALCULAT® SHELTER COST

CST=0.0075% (PD+PE+DPEM1+DPER2)

CALCULATE LOUBRICATION,REPAIR AND MAINTENANCE COST.
PINF=1.0

70 81 J=1,NOYR

CRY (J) =0.02% (PD+PE+PEN1+DPEN2) *PINF

PTNF=DINP* (14BTF)

CONTINUE

CALCULATE TOTAL FIXED COST.

20 48 J=1,N0%YR

CTF (J) = (CC+TXP+CIP+CST) +CRY (J)

CONTIVUE

RSV=SVD*PD+SVEXDE+SVS*DSH+SVS*PSD
I+SVCH*PCS+SVD*(PEAT+PIN2)

CALCULATE YEARLY ¥ET CASHFLOW(WITH D2DUCTION CF
COZDORATE TAX).

D0 17 J=1,NCYR

170



lo 14341212 B

]

707

8}

311

JaLn 3s T544720.PaZIA2.FORT

FCH (J) = ((TREV(J) =TCG {J) ) - (GCOSTD (J) +CTF (J) ) ~TDEP)
IFf (FCN{J).LE.BRK) GO TO 519

FCN (J) = ({TREV (J) =TCG {J) ) - (GCOSTP (J) +CTF {J) ) ~TDEP) *
3{1~CTAX 1) + (ECN (J) ~BRK) * { 1=CTAX2) +TDE?

G0 TO 197

FCN (J) = ({TREV(J) ~TCG (J}) ) = (GCOSTP (J) +CTF (J)} ) ~TDED) *
$(1-CTAX1) +TDEP

CONTINUE

ekt g B o N o R o A ok o e R G kR KR AR R R R R R R R
CALCULATE PRESENT VALUE

PYR=0.0

no 707 J=1,BOYR

CALCULATE PRESENT VALUE OF YET CASH PLQV.
BVR=PVR+ (FCN (J) / ( (1¢RI) *%J})

CONTINUR

CALCULATE PRESENT VALUZ OF PLANT SALVAGE REVENUE
PVSR=FSV/( (1+RI) **NOYR)

ANT=DNTL*(A+A1+A3+A4+FL)

TPLA=(A+A1+a3+A4+FL) /10000.0

TPLS=A1/10000.0

PVYRNT=0.0

CALCULATE PRESENT VALUE OF LAND COST(OPPORTUNITY COST
OF LAND:RENT OP LAND)

DO 941 J=1,NOYR

PVRNT=OVRNT+BNT/ ({1+RI) **J)

CONTINUE

VLD=PL*(1+RY)**NOYR

PVL=VLD/ ({1 +RI) **NOYR)

CALCULATE HET PRESENT VALUE OF TRE ENTIRE PROJECT.
PVCI=PVR+PVSR+PVL~BVRHT

PV w=DPVR+PVSE+PVL-PYRNT~CPRL

BCR= (PVR+PVSR+PVL) / (PVRNT+CPRL)
t**#t*#*‘#'t*#*#*t*##*tt*‘***‘***'i Kool g ek graie e e e ool e ok X MR KK X
WRITE(11,811)

FOSMAT (1X,'YEAR?,2X, ' VARIABLE COST®,3X, 'PIXED COST*,UX,
**GRAIN COSTY,4¥,'REVENJZY,6X,'GUAIN LOSSY)
WRITZ(11,573) .

FORMAT (11X, 'P2SO',11X,'2ESQ', 11X, 'PESO", 9%, 'PESO’,
*10X, 'PESOY)

DO 950 J=1,NOYR

WRITE(11,850) J,VCOST(J),CTF(J),TCG{J) ,TREV(J) ,YGL (J)
PORMAT (2X,I2,5 (P14.2))

CONTINTE

WRITE(11,861)

FORMA™ (14,' YEAR', 2%, YHARVESTING?,2X, 'PLANT IN OPZRATION'
*,2X,'AVERAGE PLANT CAPACITY',2X,'DLANT IN FULL')
REITZ(11,562)

FORMAT (11X, *DAYS', 12X, 'DAYS?, 13X, UTILIZATICN®, 8%,
*1CAPACITY,DAYSY)

20 651 J=1,50Y%

4PITE(11,571) J,IHD(J) , IR0 (J) ,¥CUB (J) ,IPULL (J)

TORMAT (2X,12,8%,13,12%,13,16X,F5.2,16X,I3)

CONTINUE

4RITE(11,696)

F3ZAAT (14, 'YEAE', 3%, *GSAIN SAVED 3Y 2ZSTABLISHING',
#3%,7CCST OF DAYING',3X,'ENERGY COST 0P DRYING')
¥RITE(11,979)

TORNAT (10X, *THZ PLANT (CT.METER) ', 11X, ' PESC/CU.H.",
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*13%, YPESO/CU.H. ')
DO 669 J=1,NOYR
HRITE{11,698) J,GSAV(J),0PCST (J),UCOST (J)
698 PORHAT(2X,12-,9X,F10.2,14%X,F10.2,164%,710.2)
669 CONTINUE
WRITE(11,721)
721 PORMAT(1X,*YEAR',2X, 'DRY GRAIE TO BE STORED IN®
%,3X,'DRY GRAIN TO BE STORED IN',3X,'NET CASH FLOWY)
WRITE(11,722)
722 PORNAT (10X, °*THE 1ST SEASON (CU.¥.}',5%,
#¢THE 2ND SEASON{CU.M.)',7X,'PESQ')
DO 723 J=1,NOYR
WRITE(11,698) J,SUHG (1,J) ,SUNG (2,J),FCN(J)
723 CONTINUE
WRITE(11,551) CPRL
551 PFORMAT(2X,'PRINCIPAL COST OF THE PLANT (PESQ)=°',F15.2)
WRITE(11,451) PVN
451 PORMAT (2%, 'NET PRESENT VALUE(PESO) =',F18.2)
WRITE(11,452) BCR
452 PORMAT (2X,'BENEPIT COST BATIO =',F7.3)
WRITE{11,556) PVCI
556 FORMAT(2X,'PRESENT VALUE OF NBT CASH INFLOW(PESO) =',F14.2)
WRITE(11,222) .
222 FORMAT(2X,'TOTAL GRAZE LOSS, EXCEPT PROCESSING AND!)
WRITE(11,223) YGLT
223 FORMAT (2X, 'HANDLING LOSS (PESC) =',FP15.2)
WRITE(11,222)
WRITE(11,226) GLOT
226 FORNAT (2X,'HANDLING LOSS(CO.4) =',F10.2)
WRITE(11,225) PHL
225 POBMAT {2%,'PROCESSING AND HANDLING LOSS(CU.M) =',F10.2)
" WRITE(11,227)
227 FORMAT (2X,'TOTAL GRAIN SAVED BY ESTABLISHING')
WRITE(11,228) GSAVT
228 FORMAT(2X,'THE PLANT(CU.M) =',F10.2)
WRITE(11,221)
221 FORMAT(2X,'REVENUE LOSS DUE TO LIMITED STORAGE CAPACITY')
ARIT?(11,230) CSLOST
230 FOSMAT (2X,'OF THE PLANT DURING ITS LIFE(PESC) =',F15.2)
WRITE(11,555) DSC
555 FORMAT (2X,'STORAGE CAPACITY FOR DRY GRAIN(CU.M) =',P8.2)
WRITE(11,453) SiC
453 PORMAT(2X,'STORAGE CAPACITY FOR WET GRAIE(CU.M) =*,P8.2)
WRITE(11,661) DR
561 FORMAT (24, 'DRYING CAPACITY OF THE PLANT(CU.M/8 HRS) =',T7.2)
RRITE(11,454)
45% PORMAT(2X,*TYPE OF DRYER = BATCH OR CROSS-7LOW')
4RITE(11,552)
552 FORMAT (2X,'CONTINUOUS DRYER ')
WRITE(11,888) PSUN
888 FORMAT(2X,'SONNY DAY DURING EARVESTING SEASONS{Y) =',%7.2)
WEITE(11,889) PHAR
289 FORMAT(2X,'HARVEST DAY DURING HARVESTING SZASONS (%) =',F7.2)
WRTITE(11,887) INN
387 PORMAT (2%,'TOTAL NO SUN-N¥O SUN SEJUENCE DURING 3.SEASONS=',I7)
WRITE(11,654) TH
654 FORMAT (2Y,?'DRYING AIR TZMPEIRATURE(O C) =',F7.2)
4RITE(11,455) AFR
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FORMAT (2%, ' MAXINUX AIRFLOW RATE(CU.®/SQ.M/S) =',77.3)
WRITP(11,662) DNOR

FORMAT (2X,'DATLY MAXIMUM PLANT OPERATING HOURS (HR) =9,F6.2)
WRITE(11,663) AMNO

FORMAT (2X,'DRY GRAIN PARTIALLY TO',F7.2,'% NOISTURE(DSB)')
WRITE(11,763)

POKMAT (2X, 'TOTAL AREA NECESSARY TO SET UP THE PLANT,*)
WRITE(11,456) TPLA

FORKAT (2X, ' INCLUDING ARZA FOR SUN DRYING (HECTARE) =',F7.3)
WRITF(11,777) TELS

FORMAT (2X, "AREA NECESSARY FOR SUN DRYING (HECTARE) =t,F7.3)
SRITE{11,764)

POAMAT (2X,'SERVICZ AREA OF THE PLANT(ACTUAL HEAN')
WRITE(11,765) ACH

FORMAT (2X, "PRODUCTIVE LAND) (HECTARES)= *,710.2)

STOP

END

AR ERBEERERAR KGR ARG R R R REEEREREE R R KRR WX GREER R
SUBROUTINE INT?1(N,R,21,PROB)

SUBROUTLHE FOR INITIALIZATION OF MATRICES
DINMENSION R(365,25),PROS (365,4),81(365,25)
DO 100 J=1,N

D0 SO I=1,365

R(I1,d)=9999.0

%1{I,J)=9999.0

CONTINUE

CONTINUE

DO 200 I=1,365

DO 150 J=1,4

PROB(I,J)=0.0

CONTINUE

CONTINUFE

RETURN

END

e e ke de oK K i R e o 2k ek o o ol ol KN e oK o ok IR o ol ok ok Ik R e ek X ok ek
SJBRCUTINE BREAK(N,F,PROB)

SUBZCUTINE FOR CALCULATION OF MARROV

TRANSITION PBCBABILITIES.

CLMENSION R{365,25),PROB{365,4)

DO 600 I=1,N

DC 500 J=1,385

L=J

u=r

IP(J.ER.365) GO TO 10

30 70 20

L=0

IT(I.NT.H) M=I + 1
IP(E({J,I)<EQ-9999.0.0E.3(L+1,%).20.9993.0) GO TO 600
S (J,I).EQ.1.0.AUD. 5(L+1,4).2Q.1.0) GO IO 100
IF(8{J,I)-NBa1.0.2ND.R(L+1,4).EQ.1.0) G0 TO 200
F(R(J,I)-PQ.1.0.AND.R(L+1,M4).NE.1.0) GO TO 300
?{F(J,T).NE.1.0.AND,. R(L+1,4).NE.1.0) GO TO 400
PROB(L+1,1)=PROB(L+1,1)+1

50 TO 500

PRO2(L+1,2)=PROB(L+1,2)+1

"0 ™0 500

t b

Mo



1 14:41:12

a0 an

an

[eNEER]

(]

174

3 JUL 85 7544720, PRZIA2.FORT

300
100

500
£00

650

C0

49

200
360

PROB(L+1,3) =PROB (L+1,3) +1
G0 TO 500

PROB (L+1,4) =PROB(L+1,4) +1

CONTINUE '

CONTINUE

CALCULATE MARKOV TBANSITEON HATRIX
Do 700 I=1,365

SUN=0.0

SUM=PROB (I, 1) + PROB(I,3)

IF (SU4.EQ.0.0) GO TO 650

PROB (I, 1) =PROB (I,1)/5UH
DROB(I,3)=1 - P2OB (I, 1)
SUM=PROR(I,2) + PROB(I,4)

IF (SUM.EQ.0.0) 50 TO 700

PROB (I,2) =PROB(I,2}/SUY

PRCS (I,4)=1 - PROB(I,2)

CONTINUE

RETURN

END

AR ERBEEERBEEERRR AN KE A KRER R EEERER R R ER R RS KRk R R RN
SGERCTTINE STATEINOYR,DSEED, PROB,ISTATE)

SUBROCUTINE POR DETERNINATION OF TWO STATE CONDITIONS 5UCH
AS SUN-NO SUN, HARVEST-NO HARVEST,NO WIND-WIND AS INDICATED
BY 1-0. YPBAR NO. 1 MBANS THE BEGINING OF THE IST YEAR.
DINENSION PROB (365,4),P(2,2),ISTATE{365,15)

DOUBLE PRECISION DSEED

DS EE=DSEED

R=GGUBFS (DSEED)

IS=+1.5

DO 300 J=1,NOYR

DO 200 I=1,365

D(1,1)=PROB (I, 1)

2(1,2) =PROB (I, 3)

P(2,1)=PROB (I,2)

D (2,2)=PROB (I,4)

I=GGUBFS (DSEED)

IF (R.GT.P{IS,2)) GO TO 40

IS=2

ISTATE (I,J)=0

GO TO 200

Is=1

ISTATE(Y,J)=1

CONTINUE

CONTINUE

DS EZD=DSEE

PETURN

END

KR REEEEE R AEEE A RE kKRR ook oK ok kxR ok ko R ok KRk kK K kkk K

SUBRQUTINE GHTH (NOYR)

THIS IS AN OPTLIONAL SUBROUTINE.

THE PROGPAM POR SENERATION OF DAILY AVERAGEZ TE#DESATUSE
AND REILATIVE HUMIDITY OF AMSIENT 3TP.

COM¥CH /AA/IDATE(12) ,NDAY(12)

COMMON /BB/Ta(355,15),%4 (365, 15)

COM4CH /CC/XLCCA (12} ,5CALE(12),5HAPE (12)

GENERATE DAILY TEMDRRATUEE AND RELATIVE HUAIDITY 07 AIT
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450
250

405

500

300

350

400
700
800
200

DOUBLE PREZCISION DSEED
DSTED=123457.D0

DO 250 J=1,HOYE

DO 450 I=1, 365

TA (1,J)=0.0

RA (I,J)=0.0

CONTINDE

CONTINUE

DO 200 J=1,KOYR .

DO 800 MON=1,12

¥=NDAY (HON)

X=ZLOCA {MON)

B=SCALE (KON)

A=SHAPE (HOUN)

D0 700 I=1,H

KDATE=IDATE (HON) +1

IF (MON.Z0.1.CR.MON.EQ.6} GO TO 500

IF (#0N.EQ.8.0R.#0¥.EQ.9) GO TO 500

THE FOLLOWING STATEMENT GENERATES DAILY TENPERATURE WEIBULL
WEIBULL DISTRIBUTION (PREVIOUSLY PITTED AND TESTED)
R=GGUBFS (DS EED)

I? (R-EQ.0.0.0R.R.B0.1.0) GO TO 405

TA 1=X+B* ((-ALOG (1-R) ) *x (1/R))

G0 TO 550

CONTINUE

THE POLLOWING STATEMENTS GENERATE DAILY TEMPERATURE PROH
LOGISTIC DISTRIBUTION (PREVIOUSLY FITTED AND TESTED)
R=GGUBPS (DSBED)

IF (R-FQ.0.0-0R-8FG- 1.0} GO TO 505
TA1=X+E% (~ALOG ( (1/B) - 1))

TA (KDATE,J) =TA1

I¥ (MON.GE.2.AND.¥ON.LE.4) GO TO 300

IF (MON.GE.S5.AND.HON. LE.10) GO TO 350

CALL HUMNA (TA1,RA1)

G0 TO 400

CONTIRUE

CALL HOMNB(TA1,RA1)

30 TC 400

CCHTIYOE

CALL HUMMO (TA1,RA1)

KA (KDATF,.J) =RA1

CONTINUE

CONTINUR

CONTINUE

PRIURN

END

X KAKKAKERRRE KRR X RN HR KRR R ER DR AKX KRR kKK KK RN
SUBROUTIN® HUMNB(TA,RA)

SUBRCUTINE FOK GENERATION OF RELATIVE HUMIDITY OP AIR

FOR THE MOMNTHS OF PEBRUARY TO APRIL,USING BEGRESS ION dQLEL
BASED ON HISTORICAL WEEXLY DATA

DATA C/39.53/,D/1022.30/

2= (C+D/TA)

2A=2/100

PZTURY

INT
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SUBROUTINE HUMNHO(TA,RA)

SUBRNUTINE POR GENERATION OP RELATIVE HUHBIDITY OP AIR
FOI TRE HONPHS OF MAY TO OCTOBER,USING BBEGRESSIGN HODEL
BASED ON HISTORICAL WEBKLY DATA.

C, D ARE REGERBSSIOM COEPFICIENTS.

DATA C/185.82/,.D/-3.6994,/

Z= (C+D*Ta)

RA=Z /100

RETURN

END

PERT T T PP TR LR P P R P P P E R F Y PP P T
SUBROUTINE HOHNA (TA,RA} ’
SUBROUTINE FOR GENERATION OF RELATIVE HUMIDITY OF AIR
¥OR 1InE HONTHS OF NOVEMBER, DECEMBER AND JANUARY,

USING REGRESSION HISTORICAL MODEL BASED ON HEEKLY DATA.
DATA C/115.31/,D/-793.54/

2= (C+D/TR)

RA=Z/100

RETURN

BND

L T e Ay T L LT
SOBROUTINE HTH (NOYR)

SUBROUTINE FOR USE OF TENP.& HUMIDITY DATA DIEBCTLY PROX
HISTORICAL DATA,ASSUNING TEMP.& HBUMIDITY WILL BE SAME AS
IN THE PAST.

COMMON /BB/TA(365,15),%4(365,15)

COMMON /WW/T (3€5,25),11(365,25)

DO 200 J=1,NGYR

Do 300 I=1,365

A (I,d)=0.0

EA (I,J)=0.0

TA (I.d)=T(I,J)

RA (L,J)=H(I,J) /100

IF (RA(I,J) .SE.1.0) EA(I,J)=0.98

CONTINOUER

CONTINUE

RETURN

END

KR RREEX A TR AR KRR KRR R E R G ERERRE KRR ERE X E R KRR KN
SUBROUTIN® YGRN (NOYR,XPD,TDD,PTW,YY,5X4,GIN,IF1,IF2,I11,IL2,
sACH,PRT,PRI,M1,I5D,INY)

THE SUBROUTINE POR GRBAIN INPLOK TO THE DRYING PLANT

COMNOY /GG/IWORK (365,15) ,GRAIN (365, 15)

cosMoN /HH/ISUN (365,15)

COMMON ,/00/FGRN (365, 15)

COMNCH /RR/K1(15) ,K2(15)

COMMON /SS/A0M (365,15)

CCHMCN ,2Z2Z/IHWIND(365,15)

DIAENSION DH ({365, 15)

DYMZNSION NP (15),NH1(15),921(15),8H2(15) ,NP2(15),
*AL1(15),AL2(15)

DOUELE 2?RICISION CSFED

DSEZD=123457.00

2RT1=FLR7T

6
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208

207

910

710
510

DO 569 J=1,NOYR

DO 669 I=1,365

=1

8=J :

IF (I.FQ.1.A8D.J.EQ.1) GO TO 669
IF (ININD(I,J).EQ.0) GO TO 269
GO TO 569

IP(I.EQ-1) GO TO 169

GO TO 769

L=166

t=J3-1

INORK (L-1,4) =1

CONTINUE

CONTINUE

ISD=0

INN=0

DO 610 J=1,NOYR

K1(J)=0

K2 (J)=0

Do 710 I=1,365

L=1

M=J

IF (I.EQ.365) G0 TO 208

G0 TO 207

=0

IP(J.NE.NOYR) M=J+1

CONTINUE

THE POLLOWING TWO STATEMENTS DEFINE THE PERIOD OF
HARVESTING SFASONS PER YEAR.
IP(I.GT.IP1.AND.I.LT.IL1} GO TO 910
IP(I.GT-IP2.AND.I.iT.IL2) GO TO 911
G0 TO 710

CONTINUE

TP (ISUN(I,J) -EQ.1) ISD=ISD+1

I? (ISUN(T,J).EQ.0. AND. ISUN (L+1,%).EQ.0) INN=INN+1
IF (IWORK(I,Jd).EQ.0) GO TO 710
K1 () =K1 {3y +1 :

6o TC 710

CORTINUE

IP (ISUN(I,J)-EQ.1) ISD=ISD+1

I7 (ISUN(I,J)-2Q.0.AND.ISUN(L+1,%).EC.0) INN=INN+1
IF (INCRK(I,J).EQ.0) 30 TO 710
K2 (J)=K2 (J) +1

CONTINUE

CONTTNUE

PO 100 J=1,¥0YR

TH1=PTH®K1 (J)

NP (J)=IFIX (IW1)

TH1= (K1 (J)-TW1) /2

NH1(J) <IPIX (TH1)
HZ=K1(J) = (NP (J) +2*NH1(J))

NP1 (J)=NP(J)+NX

TW2=PTH*K2 (J)

4P (J)=ITIX(TH2)

TH2= (K2 (J) ~TW2) /2

YH2 (J)=IFIX (TH2)
VX=K2(J) = (NP (J) +2% 432 (J))

HP2 (J) =NP (J) +NX

177
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100 CONTINUE
TAB=ACH*YY

310

300

400

301

401
21¢C

405
110

249

TA= (ACH~-TAB) /2

po 110 J=1,N0YR

YN=0

H4=0

Do 210 I=1,365

AOM (I,J)=0.0

DH (T ,J)=0.0

THE FOLLOWING TWO STATEXENTS DEFINE THE PFRIOD OF
HARVESTING SEASONS PER YEAR.
IF(I.GT.IF1.AND.I.LT.IL1) GO TO 810
IP(I.GT.IP2.AND.I.LT.IL2) 30 TO 811
30 T0 210

IF (IWORK(I,J).BQ.0) GO TO 210
R=GGUBFS (DSEED)

AOM (I,J)=R* (GXN-GIN) +GIN
NN=NN+1

AL1(J)=(TAB/NP1 (J) ) *PRT

IP (NN.GT.NH1(J)) GO TO 300

DH (XI,J)=(AL1(J) /NHT(J) ) *KN

GO TO 210

NXP=NH1{J) +NP1 (J)

IF (NN.GT.NXP) GO T0 400

DY (I,J)=AL1(J)

GO TO 210
DH(I,J)=AL1(J)-(AL!(J)/NH1(J))*(Nu—(nnl(d)*np?(J)))
G0 TC 210

IF (IRORK(I,J).EC.0) GO T9 210
R=6GGJBFS (DSEED)
AOM(I,J) =R* (GXM-GIN) +GIN
AM=MM"+1

AL2(J)=(TAB/NP2 (J) )} *PRT

IP (MM.GT.NH2 (J)) GC TO 301

DH (I,J)=(AL2(J)/NH2(J))=aN

G0 TO 210

4X=NH2 (J) +NP2 (J)

IP (MM.GT.8X) GO TO 401

DH (I,J)=4L2(J)

GO TO 210
DH(I,J)=AL2(J)-(ALZ(J)/NHZ(J))*(un—nﬂz(J)-NPZ(J))
CONTINODE

IP (M1.EQ.1) GO TO 40S

IP (J-EQ.1) GO TO 110

y=a/M1

K=M1=xN+1

IF (J.EQ.K) GO TO 405

50 TO 110

PR T=PRT+PRT*PRI

CONTINUE

DC 549 J=1, NOYE

DO 649 I=1,365

L=T

n=g

I7 (I.EQ.1.AND.J.2C.1) 50 TO 649
IF{1¥IND(I,J).EQ.0) GO TO 249
30 TO 549

I? (I.EQ.1) GO0 TO 143
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G0 TO T49
149 1=366
H=J-1
749  AON(L-1,H)=GXH
649 CONTINOE
549 CONTINUE

16
17
707

505
506

15
25

26

w
o
Ve

370
510
410

Do 606 J=1,NOYR
DO 505 I=1,365

=1

A=J

IF(1.EQ.365) GO TO 16

50 70 17

L=0

IF (J.NE.NOYR) H=J+1

1F (INORK (I,J)-EQ.0.AND. IFORK(L+1,%).20.1) GO TO 707
GO TO 505

AON(L+1,H4)=GXN

CONTINUE

CONTINUE

PRT=PRT1

DO 410 J=1,NOYR

po 510 I=1,365

GRAIN(I,J)=0.0

PGAN (I,J)=0.0

THE POLLOWING THO STATEMENTS DEFINE THE HARVESTING
SEASONS PER YEAR.

IF (I.GT.IP1.AND.I.LT.IL1) GO TO 310
IP(I.GT.IP2.AND.I.LT.IL2) GO TO 310
50 TC 510

CONTINUE

IF (INORK(I,J)-EQ.0) GO TO S10

L=I

M=J

IF (T.EQ.365) GO TO 15

GO TO 25

L=0

IF (J.HE. NOYER) %=J+1

CONTINUE

KP=1

CONTINGE

LL=L+KP

IF (LL.GT.365) GO TO 700

GO TO 800

Ll =(LL-365)

IF (H.NE.NOYR) X=t+1

IF (ISUN (I,J) -EQ.0. AND.ISUN(LL,%).2C.0} 30 TO 508
IF (ISUN(I,J).EQ.1. AND.ISUN{LL,%).EQ.0) 5O TC 508
PEEN (I,J)=Dd (I.J)

50 TO 510

I¥ (KP.SQ.KFD) GO TO 509

KF=KF+1

GO TC 26

IF (DA(I,J) .LT.TDD} GO TO 970
GRAIN(L,J)=DH(I,J)-TDD

30 TO 510

SEAIN(T,J)=0.0

CONTINUE

CONTINUE
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40

28

240

114
200
300

RETURN
END

UGB A ESXYF IR GG IR RS SRR A BEERUP RRXR DR GO XX RERR Ffde s ffeols gk
SUBROUTINE PEGRN (NOYR,TDD,FH,FNCG)
THIS PART OP THE PROGRAN CALCULATES THE FLOW OF PARTIALLY
DRIED GRATN FRON FARMERS' HOUSE TO THE PLANT
CONHON /BB/TA (365, 15) ,RA (365, 15)
COMMON /HH/ISDN (365, 15)

COHYON /00/FGRN (365, 15)

COMMON /PP/PGRNP (365,15)

CGHMON /SS/AOM (365,15)

DINENSION PHCG (365,15)

D0 300 J=1,HOYR

DO 200 I=1,365

PGRNP (I,J)=0.0

FMCG (T,J)=0.0

0M=A0M (I,J)

om1=0M

IP (FGRN (I,J) .GT.0.0) GO TO 111
G0 TO 200

TA1=TA (I,J)

CALL SSLG(TA1,04,55D7)

ID=TIFIX (55D7)

N=0

N=N+1

1=1

B=J

K=366-K

IT(I.EQ.K} GO TO 15

50 TO 25

L=0

P (S.UE.NOYR) M=J+1

IP (ISUN(L+N,N) .EQ.0) GO TO 240
TA2=TA (L+Y, #)

RA2=RA (L+N,H) .

CALL DBSR(TA2,RA2,0H1,FNC)

1P (FXC.LE.PN) GO TO 200

CALL SSLG(TA2,FMC,SSD9)

LD2=IFIX (SSD9Y)

ID=N+LD2

oM 1= FMC

G0 TO 40

IF (N.GE.ID) GO TO 113

30 TO 40

IF (PGRN(I,J).LT.TDD) GO TO 114
PGRNP (L+N,N)=FGRN (I, J) -TDD

FMCG (L+N, 1) =0{1

GO TO 200

PGENP (L+N,M)=0.0

CONTINUE

CONTINUE

HZTURN

END

TR R e e L e LR e e R T P I E P T e
SUSKQUTINE GLOSS (NOYR,PT,?4,PS,DP,%8,GI4,618,74,TA,SRALY,
*DGRAINW,SHC, DDR)

180



L0

19:41:12

Q

250

150

m
122

100

400

40

JUL 85 TS544720.PRZIA2.FORT

THIS SUBPROGRAM CALCULATES THE ANOUNT OF GRAILN LOSS DUE
TO INADEQUATE DRYING CAPACITY OF THE DRYING PLANT
COMMON /SS/A0M (365,15) _

COMHEOE /TT/PLO (365,15),6L0(365,15)
DIMENSION XLO(365,15),4L0(365,15),GRAIN(365,15)
*,GRN(365,15) ,TA(365,15) ,DGRAIN (365,15)
DO 150 J=1,NOYR

DO 250 I=1,365

XL0 (I,3)=0.0

ALO {I,J)=0.0

PLC (I,J0)=0.0

GLO(I,J)=0.0

GRN (I,J)=GRAIN(I,J)

CONTINUE

CONTIHUE

pPP=pS

p6=pP4

DO 200 J=1,NOYE

DO 300 I=1,365

IP (GBN(I,J).GT.0.0) GO TO 111

OM= (GIN+GXN) /2

GO TO 122

ONM=AQH(I,J)

DDE=DR*WR

1P {(GRN (I,J) .GE.DDR) GO TO 205
DGRAIN(I,J)=GRN(I,d)

GO TO 300

DGPAIN (I,J)=DDR

ALC (I,J)=GRAIN(I,J)-DDR

1P {ALO(I,J).GT.0.0) GO TO 100

GO0 TN 300

CONTINUE

TA1=TA (I,J)

CallL SSLG(TA1,0H,SSD1)
LD=IFPIX(5SD1)

XL=35SC1-LD

IP (¥L.GF.0.5) LD=LD+1

IP (LD.SE.1) GO TO 400

PLO (I, J) =ALO{I,J) * (Pu+ ((PS5S-P4) / {GYE~F5j) *(GXN-0ON) )
GLQO(I,J)=ALC(I,d)

G0 T0 300

CONTINUT

¥=0

N=Y+1

L=1

n=J

K=3€66=Y4

IF(I.FR.K) GO TO 1S

50 IC 25

L=0

IT (J.NE.NOYE) M=J+1

IF {(GEN(L+N,4).LT.DDR) 30 TO 50

I7 (N.GT.LD) GO TO 20

30 TO 40

I¥(N.3T.LD) GO TO 20

LT=(DDR-GRN (L+¥,%))

I7 (AlC (I, ]).GT.¢T) G0 Tn 10
GRM{L+N,¥) =GRAIN(L+d,M) +ALO(I,J)

181
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GO TO 300
ALO(I,J)=ALC(I,J)-XT

GRN (L+N,H) =GRAIN (L+N,H) ¢XT

GO TO 40
PLO(L+N,H)=ALO(I,J)* (P4+ ((PS~PY4) /(GEY~FN)) *(GXH-0N))
XLC(L+N,M)=A10(X,J)

CONTINUE

P4=P4+pPIL

P5=p5+PI

CONTINUE

DO 125 J=1,NOYR

DO 425 I=1,365

GLO(I,J)=GLO(I,J) +ILO(I,J)

IP (DGRAIN (I,J).GT.0.0.AND.AON(X,J).EQ.0.0) GO TO 104
GO TO 425

AOM(I,J)=(GIM+GXN) /2

CONTINUE

CONTINUE

P4=P6

PS5=pP

THIS PORTION OF THE PROGHEAN CALCULATES THE CAPACITY OF
THE STORAGE BIN POR WET GRAIN.
S#C=0.0

DO 225 J=1,NOYR

DO 325 I=1,365

L=1

N=J

IF {I.EQ.365) GO TO 35

GO TO 45

L=0

IT (J.NE.NOYR) M=J+1
SWC1=AMAX1{GRAIN(I,M),GRAIN(L+1,n))
SYC=AMAX1({SWC,SHC1)

CONTINUE

CONTINUE

PZTURN

END

MR R g Ak Akl ok R R A oy ok kel e Ak T ki ke R K Kok ok kKR X
SGBROUTINE SSLG(TA,0M1,SSD) :
THE SUBEOQUTINE POR SAFE STORAGE LIFE(DAYS) OF HYARVESTED
GRAIN.

DOUELE PRECISION A,B,C,D,E

DATA ST/3.0/

4=379.23D10

B=-6.€581
C=-2.0393
D=QM 1%

E= (TA+ST) **C
SSD= (A%D*E)

RETOPY

END

FT R LTI 223 RS ER R R R LR R SRR 22 R 22 22 222 2 28
SUBECUTINE ECOST(TA1,5A1,DR,7D,TH,DG,DG1,P1,04,7y,
*31,C,CEDD, ) :

THI5 PROGRAM CALCULATZS THZ COST OF E¥ZAGY FOB DRYIHG

THZ PARAMETERS RELATED TO THE ANBIENT AND HEATED AIR
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DOUBLE PRECISION PA,B2,C,DF1,¥
DATA CPA/1.0/,CPV/1.88/,PA/101283.98/

DATA RE/0.8/ :

THEZ PARAMETERS RELATED TO DRYER

DATA X/0.7/,FF/0.60/

THE CONSTANTS RELATED TO THE GRAIN

DATA 3/51.16/,C/0.000019187/,AN/2.5451/

DATA B2/2.323/,83/1.026/,B4/2.9462/,C2/17.78/,£3,0.21733/
THE VALUE OF DP IS AN ARBRITRARY NUMBER NECESSARY TO
INITIALIZE FOR ITEEATION BETWERN LINT NUHEZR 200 TO
300 (LOOP). CHECKX CAREFULLY POR SETTING THC VALUE CF DP.
nr=15.0

a=DR/X

2D=SORT (A/3. 1428)

CALL SATVE(TA1,PSA)

HR=((0.6219) *RA1*PSA) / (PA~RA1%DSA)

CALL SATVP(TH,PSH)

RH= (HR*PA) / ( (HR+0. 627"} *PSH)

CALL EQUMST (TH,RH,EN)

VL=B2# (1090~B3* (TH+C2) ) * {1+B4*EXP (~C3*0Y))

TE=- (B+ (ALOG (1~RE) ) / (C*OM**AX) )

CALL DRCHNST (TH,DK)

H=0.693147/0K

PV=RH*PSH

VS= (287% (TH+273.15)) /(PA-PYV)

RAX= (FH-EHN) / (OM-EN)

R®=ABS (RMX)

Y=EXP (~TD*0. 693147 /H)

200 CONTINUE
DF1=1.442695%DLO5 { (EXP (2M4*DF*0.693147) ) /¥+1-1/7)
DPF= (DP=-DF1)
iP{DFF.LE.0.0001) GO TO 300
DF=D71
30 TO 200

3IN0  SM= (X*DG*A*®VL* (OM~-EN) /100) / (CPA*DP 1 ¥H* (TE-TE))
2= (SMXVYS) / (3600.0%8) .

CALCULATE THE COST OF 3RAIN DRYING

CD1= ({(TH-TA 1) #SM®TD* (CPA +HR*CPV) *P 1} / (Q1*EF*DE)
CEDD=CD1%*DG1

SETURN

END

e e e R o ok o e e o R A 0k R R ok oo ek e e ol e e o ool o e R o R K e e R X Rk kR
SUBFOUTINE SATVE (T,2S)

SUBFOUTINE FOR CALCULATION OF 3ATURATED VAPOR 2RES3UR2T AT
DIFFERENT TEMPERATURES

NOUBLE PRECISION P1,B2

D1==27405.526+ (9754 13% (T+273.16) ) - (0. 146244% (T+273.16) **2)
3+ ((0.12558D=3)* (T+273.16) *%3)~ [ (0. 485D=7) * (T+273. 16) *=4)
22= (4.34903% (T+273.16) )~ { {0.39381D=2) % (T+273.16) **2)
PS=DEXP( (P1/B2)+16.91)

BETURN

END

P Rt R e R L e S e R R P R S e L e
SYBEOUTINE EQUMST (TH,R, =)

SULBROUTINE FOR CALCUCLATION OF EQUILIBEIUN MOXSTURE CONTENT
OF GRAIXN
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DOUBLE PRECISION C

DATA 8/51.16/,C/0.000019187/,4K/2. 4451/
EM= (ALOG (1-R) / (~C* (TH#B) ) ) ** (1/AKj
RETORN

END

B RAEEEAAXREXEIRRRBAR RO BL AL A FRR R XBEX SR AR VSR AR KR AE R B AL hX Y

SUBROUTINE DRCNST (TH,DK)
SUSROUTENE FOR CALCULATION OP DRYING CONSTANT
DOUBLE PRECISION B1,Ct

DATA B1/136485.6/,C1/4811.671/

DK=B1*DEXP (-C1/(TH+273.15))

RETURN

END

BXBERXREREERYGERIPRFEUERIA R E R REE X ER RN IEGEE BT ERRE R R RN

SUBROUTINE DESR®(TA,PA,0NC,PHS)
SUBRCUTINEZ FOR CALCULATION OF MOISTURER CONTENT OF GRAIY
APTER SOU¥ DEYING

DOUBLE PRECISION PA

DATA TF/0.90/,DSH/7.0/,TC/10.0/,PA/101283.98/
ESH=TF*DSH

TS=TA+TC

CALL SATVP(TA,PSA)

YR ={(0.6219) *RA%P5A) /(PA-RA*PSA)

CALL SATVP(TS,PSH1)
RE1=(4R*PA) / { (ER+0.6219) *PSH1)

CALL DRCNST (TS,DK1)

RY 1=EXE (~ESH*DK1)

CALL EQUMST (TS,2d1,EM1)

PMS=EM1+BM 1% (OMC-EM1)

RETURN

END

e L e e R IR S g T
SUBBROUTINE CFAN(P2,TD,Q,VG,COFO)

TYIS SUBROUTINE CALCOULATES THE COST 07 OPERATING FAN Fe2
MOVING AIR THROQUGH GRAIN DURING DRYING.

DATA A/3652.62/,B/1.1867/,81/0.85/

PD=A% (Q**B)

PF= (Q*PD) /1000

CF= (PF*TD*P2)/E}

COFO=CF=*VG

RETOUPN

END

TR SRS+ LRSI 22322 222822 22 RS 223 R 232 R R 22 23
SUBROUTINE CEG (NOYR,TD,M2,2IN1,EHT,EH2,P2, DDG,DHG,DR,
*QM ,FM,AH0,PE1,D23)

CALCOULATE THE COST CF ELEVATING GRAIN DURING DRYING.
coMmcN /DD/DGRAIN (365,15),DLOS(365,15)

CcoM®ON /FF/PMCG (365, 15) ,DPGRN (365, 15) ,C0oSH (365, 15)
DIMENSION PE4(365,15),C2C1(365,15),

*CTC2(265,15) ,CEC3 (365,15),C3C4{365,15) ,CEC5(365,15),
*GEX (265, 15)

DATA E£1/0.35/

20=p2

PE 1= (DR*OWG*EH 1) / (367085 *TD)
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300
200

201

202

3150

551
250

550
450

PR2= (DR*DDG*EH2) / (367085%TD)
DG 1=DHG~= { (D¥G-DDG) / (OH-FH) ) * (ON-ANO)
PE3=(DR&DG1%EH2) /(3670854TD)

DO 200 J=1,HOYR

DO 300 I=1,365

IF (PNCG (I, J) .EQ.0.0) GO TO 300

[G2=DRG— { (D G-DDG) / (QH—-FH) ) & (OR-FHCG (1,J))
PEY (I,J) ={DR¥DG2%EH1) / (367085%TD)
CONTINUE

CONTINUE

DO 250 J=1,KHOYR

Do 350 I=1,365

CEC1(I,J)=0.0

CEC2(L,Jd)}=0.0

CEC3(L,J)=0.0

CECY4(I,J)=0.0

CECS(I,J)=0.0

IF (DGRAIN(I,J).EQ.0.0) GO TO 201
CEC1{Z,J)= (PE1*TD* (DGRAIN (I,J)/DR) *B2) /E1
CEC3(I,J)= (PB3*TD* (DGRALN (I,J) /DR) *P2) /E1
IP (DPGRN (I,J).EQ.0.0) GO TO 202
CEC2(I,J)= (PEG (I,J) *TD* (DFGRE (I,J) /DR) *P2) /E1
CEC4 (I,J)= (PE2*TD* (DPGRN (X,J) /DR) *P2) /E1
GBX (I,J) =DGRAIN (I,J)-DLOS(I,J)

IF (GEX (I,J)-EC-0.0) GO TO 350

C®CS5 (I,J)= (PE28TD* (GEX (I,J) /DR) *P2) /E1
CONTINUE

IF (M2.20.1) GO TO 551

N2=J/M2

K2=M2¥ N2 41

IF(J.FQ. 1) GO TO 250

IP (J.EC.K2) GO TO 551

G0 TO 250

P2=D2+DP2*PIN1

CONTINUE

P2=P0

DO 456 J=1,NOYR

PO 550 I=1,365
COS¥(I,J)=CECI (I,J)+CEC2 (T,J) +CEC3{I,J)+CEC4(I,J)

*+CECS(T,J)

CONTINUE
CONTINUE
RETURN
END

EREEXEER KRR REXN RN RER R R K ke ke kR gk dok ke ke gRek

THIS IS A FUNCTION SUBPROGRAM FOR GENERATION

NF RANDOM NUMBER

SGUBFS - RESULTANT DEVIATE.

DSEED ~ INPOUOT/OUTPUT DOUBLE PRECISION VARIABLE
ASSIGNED AN INTEGER VALUE IN THE EXCLUSIVE RANGE
(1.D0, 2147483647 .00).

DSEED IS SEPLACED BY A NEW VALUE TO SE USED IN A
SEQUENTIAL CALL.

cEAL FUNCTION G3UBFS (DSEED)

DOUBLE PRECISION DSEED

DOUELE PRECISION D2P31#,D2P31

D2P31M = (2%%31)-1

185



31 14:341:12

Cc

an

anaao

186

¢ JUL 85 T544720.PRZIA2.FCRT

92
20

D2P31 = (Z2%¥%371) (OR *N ADJUSTED VALUE)
DATA D2P31M/2147483647.D0/

DATA D2P31/2147483648.D0/

DSEED = DHOD(16807.DO0*DSEED,D2P314)
GGUPFS = DSEED /s D2P31

RETURKN

END

-2 2.2 2322 R-2 b -2-2 3 2-F 3 22 32 2842 2 2 2 -2 3-8 3222 2S00 BR 2201 200 2 8 4
SUBROUTINE CSD1(NOYR,TD,TH,43,01,PIN,PIX,P3,P4,P5,PN,5X",
#=DDR,DR,DDG,PI,P1,ANG,AT)

THIS SUBROUTINE CALCULATES THE AMOUNT, COST AND LOSS OF
PARTIALLY DRIED GRAIN DURING SUN DRYING. THE DRYING
SEQUENCE IS = 1ST DRY THE GRAIN (PARTIALLY DRIED) BY
NATURAL SON, IF SUN IS NOT AVAILABLE DRY BY THE PLANT.
COMBON /BB/TA(365,15) ,BA (365,15)

COMMON /DD/DGRAIN (365,15),DL0OS (365,15)

COMMON /BE/COST(365,15) ,DCOST(365,15) ,PLNT (365,15},
*DPLS5(365,15) ,CSL{365,15) ,QFS (365,15)

COMNON /HH/ISUN (365,15)

DIMENSION SGRAIN(365,15) ,SL0O(365,15),
*35GRN(365,15) ,GRHN (365, 15)

DATA X1/0.02/,42/200.0/,DSH/7.0/

AL=A1/82

NL=IFIY (A1/A2)

"XLL={AL-NL)

IP (XLL.GE.0.5) NL=NL+1

DO 90 J=1,NOYR

po 92 I1=1,365

SLO(1,J)=0.0

COST(T,J)=0.0

QPS(I,J)=0.0

SGRN(I,J)=0.0

CSL(I,J)=0.0

DCORST(I,J)=0.0

PLNT (I,J)=DGRAIN(I,J)

DPLS(I,J)=0.0 :

DLOS (I,J)=0.0

SANE(I,J)=DGRAIN{I,J)

CONTINUE

CONTINUE

PO=P1

pY=pyY

PN=P5

PZ=p3

0O 300 J=1,30YR

YW=0

SCOST =NL=P2%DSH

70 200 I=1,365

Cl=G6XM

¥55=a1+X1

¥=J

L=I

d2=1

IF (W GTL L) NZ=NW
3G2AIN(I,J) =GRNN (I,J)+5LO(Z,J)
IF(553AL%(I,d) .E2.0.0) 30 IO 200
IP(SSPALIN(I,J).LT.0.0) 30 TO 222
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101

501

302

14

15

100

309

150

IF (ANO.LE.FX) GO TC 200
DG2=SGRAIN (I,J)

AM1=3MO

AMS=341

AMC=AHS

TA1=TA {L,J)

CALL SSLG(TA1,4M1,S5D6)
LD=IFIX(SSD6)
XLL1=SSD6~LD

TF (ALL1.GZ.0.5) LD=LD#1
IF(N7.£Q.3BE) GO TO 101
B30 To 801

NZ=0

IF (J.NE.NOYR) M=J+1
N1=NZ+1

I?=0

K0=0

K1=0

K3=0

K4=0

LD2=LD

¥=DG2-VGS

DO 250 N=N1,365

IP (L-EQ.365) GO TO 14

GO TO 15

1=0

IF (M.LT.NOYR) M=M+1
CONTTINUE

Ta3=Ta (N,H4)

RA3=RA (N, Y)

IF (ISUN (N,M).E0.0) GO TG 240
I?(¥.GT.0.0.AND. Y. LE. VGS) GO TC 100
IF(Y.GT.VGS) GO TO 150

IF (SGEN(N,M).EQ. VGS) GO TO 240
CALL DBSR(TA3,RA3,ANT,AHC)
SGRY (N,¥)=VGS .
CCST (N,8) =SCOST
SLO(L+1,%)=Y

TF (ANC.LE.FN) GO TO 202
K1=K1+1

GO TO 613

IF (SGRN(N,M)}.2Q.VGS) GO TO 240
CALL DBSR({TA3,RA3,ANM1,ANC)
SGRN (N,4) =VGS

COST (N,4) =SCOST
SLO(L+1,M)=Y

IF (ANC.LE.PM) GO TO 202
K1=K1+1

K3=K0+K1

IF {(K3.GE.LD) 50 TO 513

GO TO 613

IP (SGRN(N,M).EQ.VGS}) GO TO 240
CALL DBSEB(TA3,RA3,AM1,ANC)
SGTN (X, 4)=VGS

COST (N,4) =SCOST .

TF (AC.LE.FH) GO TC 910

56 TO 900

¥Y=Y-VR3

TS44720.PRZIA2. FORT
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A¥C=ANS
G0 TO 900

CALL SSLG{TA3,aHC,SSD8)

LD1=IPIX (55L8)

SLL2=SSD8-LD1

IF (XLL2.GE.0.5) LD1=LD1+¢1

AN 1=28C

1P=1

K4=0

IF (DGRAIN(L+1,H}-LE.0.0) GO Ta 250
DGU=DGRAIN {L+1,H)

TAG=TA (L+1, 4)

CATI SSLEITAY 115, SSPAy

1LD2=IPIX (SSDA)

{LL3=SSDA-LD2

IF (YL13.GE.0.5) LD2=1D2+41

IF (K3.GE.1D2) GO TO 611

50 TO 250

IF (PLHT (N,4) .LT.DDE) GO TO 112

CSL (M, M)=DG4* (PU+ ( (PS-P4)/(ON~FH)) * (ON-ANS) )
DLOS (¥, ®) =DG4

GRNN(L+1,8) =0.0

GO 70 250

FXS= (DDR-PLNT (¥,4))

IF (DG4. GT.BXS) GO TO 702

CALL ECOST(TA3,RA3,DR,TD,TH,DDG,DGY4,P1,ANS,P4,21,
*QBY,COSTY,A)

DCOST {¥,N) =COSTY

DLHT (N, d) =PLKT (N, N)+DGY

DPLS (N, M) =DG4

QFS(N,¥)=0BY

GRNH (L+1,H) =00

GO TO 250

CSL (N, M) = (DGU—EXS) * (P4+ ( (PS=P4) / (ON-FH) ) * (0%- A4S} )
DLOS (N, H) = (DG4~EXS)

CALL BCOST (TA3,RA3,DR,TD,TH,DDG,EXS,P1, ANS,Fi,21,
*QBZ,C0STZ,A)

PLNT (N, ¥) =PLNT (¥, M) +EXS

DPLS (N, H) =EXS

DCOST (N, M) =COSTZ

QFS (N, %) =QBZ

GRNN (L+1, ) =0.0

GO TO 250

IF (PLNT (N,M).LT.DDR} GO TO 718

CSL (N, M) =VGS* (P4+ ( (P5-PY4) / (0O8-FN)) * (ON-AU1))
DLOS (N, ¥) =VYGS

SLO(L+1,4)=0.0

G0 TO 202

IP (PLNT (N,N).LT.DDR) GO TO 614
CSL(N,8) =Y* (Pé4+ ( (P5-D4) / (OH=FH) ) * (0O3-ANC))
DLCS (¥, Y4) =Y

SLO(L+1,1)=0.0

¥=0.0

30 TO 613

CONTINUE

X0=K0+1

IF(I2.E2.1) GO TO 242

IP (K0.GE.1D) GO TO 113
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IF (N.EQ. I.AND.H.BQ.Jd+1) GO TO 113
XL=DG2
IF (N.B0.365) GO TO 241
GO TO 250 '

R4=K4+1

KS=K4+K3

IP (K5.GE.LD) GO TO 513

IF (K4.GE.LD2) GO TO 611

IF (N.EQ.I.AND.H.EQ.J+1) GO IC 213
KL=VGS

IF (N.E2Q.365) GO TO 241

G0 TO 250

IF (PLNT(W8,8).LT.DDR) GO TO 924

CSL (N, H) =DG2#% (P4+ ( (P5-P4) / (OM=FM) ) #(0H~A41))
DLOS (N,H)=DG2

GO T0 202

EXT= (DDR~BLNT (N, %))

IF (VG5.GT.EXT) GG TO 715

CALL ECOST(TA3,RA3,DR,TD,TH,DDG,VGS,P1,341,F1,31,
#0B 6 ,COST6,4)

PLNT (N, M) =PLNT (N, ¥) +VG3

DCOST (N, M) =COST6

DPLS (§,N)=VGS

QPS (N, ) =086

SLO(L+1,M)=0.0

60 TO 202

CSL (N, %) =(VGS-EXT) * (PU4+ ( (P5-P4) / (OM-FH)) *(ON-R41))
DLOS (N, ¥) = (VGS-EXT)

CALL ECOST(TA3,RA3,DR,TD,TH,DDG,EXT,?1,AM1,P4,01,
*QB7,CGST7,A)

PLNT (N,¥)=PLKT (N, 1) +BEXT

DPLS (N, 4) =EXT

DCOST (¥, M) =COST7

QFS (N, 4) =0B7

STO(L+1,4)=0.0

GO TO 202

EXM= (DDR—=DLNT (¥,d))

IF (Y.GT.2XM) GO TO €15

CALL =COST(TA3,RA3,DR,TD,TH,DDG,¥,P1,A4C,FK,Q1,
*QB8,COST8,A)

QF S (N, M) =0B8

SLAT (N, M) =PLET (N, M) +Y

DPLS (N, M) =Y

DCOST (N,4) =COST8

SLC(L#+1,M)=0.0

¥=0.0

30 TO 513

C5L (N, 4) ={T~EXM) * (P4+ ((PS~D4) / (O4—FM}) *(CH-ANC))
DLCS (N, M) = (T-EXM)

CALL ECOST(TA3,RA3,DR.TD,TH,DDG,EXM,21,AHC,FY,07,
*)589,CCST9,A)

DCCST (Y, M}=CC3T9

QFS (N, 1) =0B9

PLNT (i, ) =PLNT (N, 1) ¢ 2¥N

DPL5 (¥, 4) =EXH

5LO(L+1,%)=0.0

¥=0.0

G6 TO 613
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EXG= (DDR-PLNT (N, H4))
IF (DG2.GT.EXG) 60 TO 925

CALL ECOST(TA3,RA3,DR,TD,TH,DDG,DG2,21,441,PX,01,
%QB10,COST10, A)

DCOST (N, 8} =COST10

PLNT (N, ) =PLNT (N, 8) +DG2

DPLS (H,H) =DG2

QPS5 (N, %) =QB 10

GO T0 202

CSL (N, %)= (DG2~EXG) *(PUe ( (P5-PU) / (OH~FHU)) « (ON~ANT))
DLCS (N, %) = (DG2=~EXG)

CALL EBCOST(TA3,RA3,DR,TD,TH,DDG,2XG,P1,AH1,F4,01,
*0B11,C0ST11,A)

DCOST (N, ) =COST11

QFS (N, M) =QB11

PLNT (N, 8) =PLNT (N, ¥) +BXG

DPLS (N, H) =BXG

GO TO 202

CONTINUE

G0 TO 200

LOOR FOR THE SUNNY DAT TO THE FOLLOWING YEAR
Ni=1

M=N+1

IF (M.GT.NOYR) GO TO 207

60 TO 250

CSL (N, X=1)=XL* (D4+ ((PS—P4) / (OU-FNM) ) * (ON-AN1))
DLOS (N, M=1) =XL

GO TO 390

IF (L.EQ.365) GO TO 11

GO0 TO 12

L=0

IF (8.NE.NOYR) M=M+1

SLO (L+1,M)=SGRAIN(I,J)

Go To 200

NH=E

CONTINUGE

P3=P3+PIX

P5=P5+PI

Py=py+°2Y

¥X=J/43

IP (#3.EQ.1) G0 TO 299

KX=M3*NX+1

IP (J.EQ.1) GG TO 300

IF (J-EQ.KX) GO TO 299

Go To 300

P1=D1+P1*PIN

CONTINUE

24=pH

PS=BN

?1=pP0

pP3=pZ

RETURN

2ND

AR RIRRAAE R RRRR AR R TR KAk ek X R ook A o A o ok X AR o R
SUBEOUTINE CSD2(NOYE,TD,TH,¥3,01,2IN,PIX,23,P4,P5,FH,5X%,

*3DR,DR,DDG,PI, P1,A40,A1)

THIS SUBROUTINE CALCULATES THE AHOUNT, COST AND LOS3 OF

190
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92
90

40

15

25

PARTIALLY DRIED GRAIN DURING DRYING. THE SZQUENCE IS :
1ST DRY THE GRAILN(PARTIALLY DRIED) BY THE PLANT, I? PLAST
IS NOT AVAILABLE DRY BY SUW.

COMHON /BB/TA(365,15}),RA(365,15)
CONHON /DD/DGRAIN (365,15) ,DLOS (365, 15)
CoMMON /BE/COST (365, 15) ,DCOST{365, 15) ,PLAT (365,15),
*DPLS (365,15) ,CSL (365, 15) ,QPS (365, 15)
COMHON /HH/ISUN (365, 15)

DIMENSION DGRAN(365,15) ,SGRN(365,15),GRNN (365, 15)
DATA X1,/0.02,,342/200.0/,DSH/7.0/
AL=A1/82

NL=IPIX (21/A2)

XLL=(AL-¥§L)

IFP(XLL.GE.0.5) NL=HL+1

DO 90 J=1,NOYE

DO 92 I=1,365

COST(X,J)=0.0

QFS (I, J) =0-0

SGRN (I,J)=0.0

CSL (I,J)=0.0

DCOST(I,J) =

PLNT {I,J)=DGRAIN (I,J)

DPLS (I,J)=0.0

PLOS (I,J)=0.0

DGRAN(I,J)=DGRAIN (I,J)

SRNN (I,J)=0.0

CONTINUE

CONTINUE

PO=P1

pPM=pY

PN=PS

P2=P3

ON=GXM

VGS=A1%X1

DO 300 J=1,HOYE

SCOST=NL*23*DSH

DO 200 I=1,355

IF{DGRAIN(I,J).G6T.0.0) G0 TO 111

50 TO 200

IF (AMO.LEL.PM) GO TO 200

TA1=TA (I, )

AM1=2HO

AMS=AM1

CALL SSLG(TA1,AM1,S5D6)

tD=IFIX(S3D6)

%LL=S3D6-LD

IF (XI1.GE.0.5) LD=LD+1

=0

1]
=4
+
-

T

I.EQ.K) GO TO 15
70 25

3
366-8
{

YE.NOYR) H#=J+1
AL+, N)
A{L+3,%)

EVIEH N I & T YO o I
>»~'U|IC'YJII n g

) ri'
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DGU=DGRAN(I,J)

IP (PLNT(L+H,H) .LT.DDR) GO TO 113
IFP(N.GT.LD) GO TO 250

50 TO 40

IF (§¥.G3T.LD) GO TO 250
EXS={DDR—PLNT{L+H,8))

1€ (CG4.GT.EXS) GO TO 702

CALL ECOST({TA3,RA3,DR,TD,TH,DDG,DGY4,21,A45,FN,Q1,
#Q3Y,COSTY,A)

DCOST (L+H,H) =COSTY

PLNT (L+N,M)=PLNT (L+N, M) +DGH

DPLS (L+N,4) =DG&4

OPS (L+N,M) =QBY

GO TO 200

CALL ZCOST(TA3,RA3,DR,TD,THY,DDG,EXS,P1,ANS,FY,Q1,
*(B%L,C0STZ,)
PLNT(L+N,d) =PLNT (L+N, ") +ETS

DPLS (L+N,B) =EXS

DCOST (L+N,4)=COSTZ

QPS (L+N,M) =QB2Z
DGRAN{(I,J)=DGRAN(I,J}-BXS

GO TO 40

IF (ISUN(L+N,¥) .BC.0) GO TO 240
TA2=TA (L+%, )

RA2=RA (L+HN, 4)

IF (GRNN(L+N,H) .SE.VGS) GO TC 240
SPD=VGS—~GRNN(L+N, M)

TF (DGRAN(I,J).GT.SPD) GO TO 260
CALL DPSR(TA2,RA2,AH1,ANC)

SGRN (L+N, M) =DGRAN (I,J)

COST (L+H, M) =SCOST

IF (DGRAN(I,J).EQ.0.0) COST({L+¥,M)=0.0
GRNYN (L+N, M) =DGRAN(I,J)

IP (ANC.LE.FH) GO TO 200

CALL S351G{TA2,AHC,SSD8)
LDZ2=IFIX(SSD8) :
XLL1=SSD8~-LD2

IF(XLL1.GF.0.5) LD2=LL2#1
LD=K+1D2

AM1=ANMC

AMS=AMC

GO TO 40

DX=DGRAN(T,J)

DGRAN(I,J) =DGRAN(I,J) -SPD

CALI DBSR(TAZ,RA2,AN1,34C)

SGREN (L+4,M) =SPD

COST (L+N,¥) =SCOST

GRENN (L+N, %) =5PD

IF(AMC.LE.FH) GO TC 241

AM 1= (AMC*SPD+At1*DGRAY(I,J)) / (SPD+DGRAN (I, J))
AMS=AM]

CALL SSLG(TA2,AMS,SSD9)
LDI=IFIX(SSDY)

XLL2=55D09-LD2

I¥(XL12.GZ2.0.5) ILD3=LD3+1
LN=4+4LD3

JGRAM(T,J) =X

IP(¥.GT.LD} GG TO 240

192
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GO TO 40
CSL(L+N, ) =DGRAN (I,J) * {PU+ { (PS-DPU4) / (0M—F}N) ) *(OF-AN3})
DLOS (L+N,H) =DGRAN {I, J)
CONTINUE

P3=p3+PIX

P5=P5+PT

PY=py+pI

NX=J/43

IF (M3.8Q.1) GO TO 299
CCEELd 143

IF (J.EQ.1) GO TO 3(0
IF (J.EQ.KX) GG TO 299
GO TO 300

P1=P14P19PIN

CONTINUE

P4=PN

P5=pN

P1=P0O

P3=PZ7

RETURN

END
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