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ABSTRACT

The effect of weather on agricultural production and

processing is of vital concern to all farmerso Grain drying

systems, especially in the developing world, are complex and

weather dependent 0 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 ~ 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 Variables (SPWV); Simulation Program for

Grainflow, Drying and Management (SPGDM); and Simulation

Program for Financial Analysis (SPFA). The SPWV program

iv



simulates sunny and no-sunny·days for grain drying~ harvest

and no-harvest days; wind and no-wind days for grain

harvesting; using Markov Transition Probabilities. 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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10 INTRODUCTION

101 ~he Present ~tatus of Grain Drying in the Developing

Wot:ld

Weather plays a significant role in agricultural

production 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

cd~cnces 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 problan.

Grain production in the developing world is characteri­

zed b¥ 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 fear of risking the

only source of thei r income--the land that they till. Thi s

is one of the most important reasons why far.mers 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, ~~=ware­

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.61) reports the KUD's (a co-operative organization)

lack of drying capacity in rainy periods. The KOD'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

capaci ties at the far.m level have led to the paddy industry

losing large quantities of wet season harvest. Without

adequate on farm drying facilities, wet grain is sold

2



i~~ediately after harvest. As a result, padqy 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.l06). 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 government procurement

centers where drying problems are serious. Since those

dryers were not designed on the basis of climatic condi­

tions, they seem to have fail ed 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.S). The same picture persists in other

3
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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

conditions.

1.2 ~ Present status of paddy Drying and tRe 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 lOIN, 1210 ISlE, 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 o~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 of

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.

5



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

6

Month Rai nfall

(rom)

Number of
rainy*
days
(day)

Mean
daily

temp.
(OC)

Relative
humidi ty

(%)

Solar
radi­
ation

(cal/cm2
/day)

Wind
speed

(km/hr)

January 40.4

February 17.4

March 27.4

April 32.9

May 173.5

June 240.3

JUly 279.7

August 255.7

September 269.6

October 239.1

Nov an ber 254.9

December 158.6

9

5

5

5

11

17

20

19

20

17

18

14

24.9

25.4

26.6

28.3

28.9

28.3

27.6

27.4

27.4

27.0

26.4

25.5

82.9

80.1

77.4

75.8

78.6

82.0

83.8

83.9

85.6

85.0

85.0

85.3

339.6

415.5

488.5

542.7

495.2

437.9

405.5

390.1

384.0

371.1

325.7

298.2

3.9

4.3

4.6

4.7

4.0

3.2

3.2

3.2

2.8

3.0

3.5

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 o 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,

7



drying unit, tempering bin and storage for dry graino 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 appropria~e.

The drying unit performs the main function of drying. The

drying rate depends on several important factors (as

mentioned before). A controlling device helps to regulate

some or all of the factors of drying. The dried grain or

partially dried grain is removed to the storage facilities

where tempering and dryeration might take place

simultaneously. The partially dried grain is dried again

either by the same dryer or by the sun depending on weather

conditions, economics of operation, labo~ availability and

management practices. The dry grain is then sold to the

market in due time.

1.4 Need fOk Appropriate Model

The effect of weather on agricultural production and

processing is significant. weather risk consideration is

necessary in evaluating various agricultural economic

8



decisions. Investment in drying is one of the most difficult

decision problems in grain processing.

Many developing countrie~ are located in humid tropical

regions where rice is important. More than two-thirds of the

world population 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

9
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is not possibleo The inflow of harvested grain both in terms

of amount and moisture content is stochastico 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

tis~.

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



cr report was found that can. be effectiT:ely used for

designing or evaluating a grain drying plant under real

world si tuations. A quanti tive 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

desi9ning 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;

11

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 eva! uate the system with possibl e al terna ti ves

of drying parameters, facility capacity and manage­

ment alternatives.
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4. To make the model general and operational, so that

potential users can handle the model and analyze

the resul ts ..
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2 • LITERATURE REVlEW

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 estimaten by least square mul tiple regression

equations. The objectives of his stud¥ 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 ~stem 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

firms 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 py Carpenter and

Brooker (1972) to analyze costs associated with harvesting,

drying and storing systems for shelled corn. The model

provided a means of evaluating the effect of the size and

type of equi pnent; used in the system. The model was capabl e

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 Lytl e 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 mod~l cmd examples of types

of output from the model were presented. Cost information



was used to compare the operational efficiency of

alternative s¥stems and to determine the optimal number of

bushels that a particular s¥stem should dry and storeo

Optimum operational efficiency was achieved at minimum

average per bushel cost subject to the s¥stem 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 r ecommendatdon 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, if drying cost was the sole

considerati on.

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

drying systems to evaluate the cost for drying grain. A

15



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 ceptralized grain

drying systems design and management for developing

countries.

An important research work on emergency rice drying in

the rainy seasons was conducted ~~ Chen (1975). His study

indicated that a continuous flow mul tipass 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 period of time until unfavorable weather is

passed. Chen's study was very useful, but did not offer any

model suitable to analyze grain drying under unfavorable

weather conditions.

Loewer et ale (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

16
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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 associated handling, but ignored the stochastic effects

of weather elements.

Chang et ale (1979) developed a mathematical model for

dryer selection, based on empirical study. The model was

primarily designed for selecting a~ 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 ~ 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 th~ dependent variables as the functions of the

independent variables, c) development of dependent cost

functions, and d) optimization of drying system require­

ments. Drying costs were divided into four categories--



18

operating costs, fixed costs, tim~liness costs and

miscellaneous costs o 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

alter~~tives etce This model included only the deterministic

nature of inputs.

Habito and Duff (1979) developed a simulation model for

a rice post-production s¥stem 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 twin-bed 2 ton batch dryer. However, the model incor­

porated uncertainties affecting different processes in the

system, particularly weather effects and availability of

labore 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.

Althvugh, it considered weather uncertainties and the
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stochastic nature of labor input" it was rather specific,

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 on-farm drying

facilities. These objectives were accomplished by a case

study analysis of two types of on-farm 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 py 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 handling lOOvOOO tons of paddy. The

objectives of this project were to assure supply of quality

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 es~imated useful life. The program also analyzed

facilities with different design layouts and grain bin
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diameters and ranked the facilities ~ 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

assmned to be determini sti c. Furthermor e, it did not

consider the effects of weather variabl es ,

A feasibility study of a thresher-drier-mill operation

at the farmers' association level was c9nducted by Manilay

and Lorenzana (1984). About thirty six project alternatives

were considered in the feasibility study using several basic

case assmnptions such as, a) the volume of padqy 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 sui table 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,

dV 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 G r.1ETHODOLOGY

3.1 An Approach to Model Development

A centralized grain drying system can be represented as

a process of interrelated operations (Figure 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 s¥stem difficult to analyze. The traditional

approach of breaking down the total s¥stem into sub-s¥stems

for separate analysis proves to be inadequate. Evaluation of

the overall syst.em response to any activity of the enti re

drying system is very difflcult 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 s¥stem response. Therefore, the bystem 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

condi tions. 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.

1. 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.

40 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 follows:

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 stored grain is· sold 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 Phi.1.ippines 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 ~ 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



END

NO

REC or~MENDA TI ON

NECESSARY
INFORMATION AND

DATA
COLLECTION

WEATHER
SIMULATION

PROGRAM

SIMULATION
OF GRAIN FLOW

AND

PROCESSING

FINANCIAL
EVALUATION

27

Figure 2 The Interactive Relationship Between Major
Model Components and Project Manage~ent
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Figure 3 The Flow Diagram of a Centralized Grain Drying
System Model (co nt , )
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Figure 3 The Flow Diagram of a Centralized Grain Drying
System Model (cont.)
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PRINT DESIRED INFORMATION

Figure 3 The Flow Diagram of a Centralized Grain Drying
System Model
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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 analyzedo 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 ~~e investment. The key part of the overall

criterion is;

N NCF( i) PSV VL

Maximiz e NPV =[ ------- + ----- + ----- - INF- LAN

with respect i=l (l+r)i (l+r)N (l+r)N

to Dr, Z and We

where,

Dr = Drying capacity of the plant, m3/td hr

INF = Initial investment in equipment and



L~ =
N =
NCF(i) =
PSV =

r =
VL =

We =
Z =

facilities, M (Money unit)

Initial land value, M

Number of simulated year, yr

Net cash flow for the year i v M

Plant salvage value at the end of Nth

year, M

Interest rate, decimal

Value of land at the end of Nth year, M

(See Appendix C equation 37)

Weather

Storage capacity for dry grain, m3
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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 processing 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 s¥stem. 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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calculatedo A series of NPVs'are calculated for each

combination of drying and storage capacity of the plant

(Figure 3). A potential optimum drying and a potential

optimum storage capaci ty of the plant may be obtained at the

maximum NPV of cash flo\I]-'~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 NPVs (NPVs are obtained at different

weather patterns) corresponding to each of the potential

optimum drying capacities are calculated. The optimum drying

capaci ty of the plant could be found at the minimum variance

(i.e. at minimum weather effect) of NPVs. To the obtain

optimum storage capaci ty of the plant, storage capaci ty is

varied, keeping the optimum drying capacity fixed along with

the corresponding weather pattern. A series of NPVs are

calculated. The optimum storage size could be obtained at

the maximum NPlJ' of cash flow.
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3.2.1 Simulation Program fOb 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 rad nf al.L,

solar radiation and wind speed. These critical levels are

selected through extensive stuqy 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 ai r

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
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Figure: 4 The Flow Diagram for Simulating Sun-No Sun Days,
Harvest-No Harvest Days and Wind-No Wind Days
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READ SUN AND
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SET
SUN = \oIIND
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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
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Figure 6 The Flow Diagram for Generation of Sun-No Sun
Days, Harvest-No Harvest Days and Wind-No Wind
Days--the STATE Subroutine (co rrt , )
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Figure 6 The Flow Diagram for Generation of Sun-No Sun
Days, Harvest-No Harvest Days and Wind-No Wind
Days--the STATE Subroutine
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NO

NO

YES

Figure 7 The Flow Diagram for Generation of Daily Air
Temperature and Relatively Humidity--the
GNTH subrouti ne
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incorporated into the SPWV 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, Wei bull, 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

5~irnov and Anderson-Darling), the be~t 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 (OC)

in Los Banos, Philippines from 1959-1983

frlonth Fi tted Location Scale Shape OJ I-Square Degree of

Di stribution Parameter Parameter Parameter value Freedom

November Weibull

May Weibull

April wei bull

August Logistic

22

22

21

22

22

22

21

22

22

22

22

38.1587

11.0524

16.7445

33 08690

3802516

3401759

2105754

39.3625

37.5198

23.2941

27 .7439

5.29442

4.65088

33.00840

29.28840

23.78950

32.64760

29,,18990

0.623223

5.130380

0.596543

0.555387

27 .417800

26.847500

0.698483

25.958000

5.792680

28.753500

29.408000

0.0000

0.0000

28.3008

22.8514

27.4519

27.3650

0.0000

24.9499

0.0000

21.3445

0.0000

wei bull

Logistic

Logi stic

September Logistic

October wei bull

JUly

June

January

February wei bull

March Weibull

December ~veibull 21.1176 4.818930 4.28437 25.1987 21
~------------------------------------------------------------------------------------ ~



Tabl e 3 The Fi tted Regression Model to Weekly Air Relative Humidi ty

and Temperature in Los Banos, Philippines from 1959-1983

r-lonth Regression Model R2 F Sy.x

February to April RH = 39.53 {- 1022 .300 ':{-l 0.8856 85 .164 0.700
(110.78)

May to October RH = 185.82 - 3.699 T 0.8595 146.761 1.017
( 0 .30)

November to January RH = 115.31 - 793.540 ':{-1 0.5436 11.911 0.826-
(229.93)

RH = Relative humidity of air (%) ; T = Air temperature (OC)

.j::>
N
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3.2.2 Simulation Program for Grainf~ ~ying 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 ad6ition, it simulates and

gathers information regarding costs such as the energy cost

of grain drying, the cost of operating the fan-motor s¥stern,

the cost of elevating/conveying 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, Figure 12 and Figure 13.

3.2.2.1 Harvesting Model

The harvesting model simulates the daily amount of

grain harvested in a harv est.Lnq 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

Probabil i ti as, However, a day is also considered sui tabl e

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 SFGDM 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.



LEGEND:

Total area to be harvested dU4ing
peak harvest, ha

Da = Total number of harvesting days in
a period of peak harvest, day
Total crop area within the service
area of the plant, ha
Total number of harvesting days in
a harvesting season, day
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SEASON, day

Figure 8 A Hypothetical Pattern of Daily Grain Harvest
in a Harvc3ting Season
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Figure 9 The Flow Diagram for Grainflow of the Harvested
Grain-- the YGRN Subrouti ne
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Figure 10 The Flow Diagram for Movement of partially
Cried Grain from Farmer's House--the
FHGRN Subroutine
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Figure 11 The Flow Diagram for wet Grain Loss Due to the
Limited Drying Capacity of the Plant--the GLOSS
Subroutine
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Figure 12 The Flow Diagram for Sundrying of Partially
Dried Grain in the Processing Plant--the CSDl
Subroutine (cont.)
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Figure 12 The Flow Diagram for Sundrying of Partially
Dried Grain in the Processing Plant--the CSDl
Subroutine
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Figure 13 The Flow Diagram for Final Drying of partially
Dried Grain by the Plant--the CSD2
Subroutine (cant.)
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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

harveat ,

The moisture content of the grain at harvest =
minimum 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 maximmn 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 ~~e 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. Figure 11, Figure 12,

and Figure 13 show the logic behind the grain loss

computationo

3.2.2.4 Model ~~ storage~ of ~ain

The temperature and moisture content together largely

determine the safe storage life of the grain. proportion of

kernels i!~ected 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 SL = 28.964 - 6.6581 Ln Ma - 2.0393 Ln Tg

(0.1462) (0.0807)

(~ = 0.9908 1 F = 1345.809, Sy.x = 0.1567)

where,

Ma = Average grain moisture content, % db



5L = Safe storage life of grain, day

Tg = Grain temperature, Oc

In general, this model can be rearranged as follows.

SL = a Ma U ( Ta + tg )V

where,

Ta = Ambient air temperature, Oc

Tg = Ta + tg

t g = Mean grain temperature above ambient,

°c
a = 379.23 * 1010

U = -6.6581

v = -2.0393

The mean grain temperature above ambient for paddy, t g = 3

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

p. 83) •

3.2.2.5 Model~ Pressure~ Through Grain

The pressure drop through a grain mass inside a drying

bin depends on air flow rate, cross-sectional area of the

55
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bin, depth of the grain, grain moisture content, cleanliness

of the grain and how loosely the grain is packed o A model of

pressure drop through the grain has been estimated using the

information available in the Agricultural Engineering

Yearbook (1982, p03l9). 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 0

(0.0176)

(R2 = 0.998, F = 4542.796, Sy.x = 0.0506)

where,

Dp =

o =

Pressure drop through grain per unit

depth of grain, Pa/m

Air floW rate through grain, m3/m2-s

The general form of the model may be as follows;

Dp = q Oy

where,

q

y

=
=

A constant (for paddy, q = 3652062)

A constant (for paddy, y = 1.1867)
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3.2.3 Simulation P~ogram for Financial Analysis ~Al

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 - De ) * ( 1 - CT ) + De

where,

~ =
De =

NCF =
TC =

~ =

Corporate tax, decimal

Yearly depreciation on facilities and

equipment, M/yr

Net cash flow, M/yr

Total cost, M/yr

Total revenue, M/yr
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The Net Present Value (NPV) is used as the basis to

determine the optimum size of the plant and to assess the

profitability of the investment e The formula for determining

net present value is:

N NCF (i) PSV VL

NP\7 = [ ------ + ------ + ------ INF - LAN

i=l (l+r)i (l+r) N (l+r)N

where,

INF = Initial investment in equipnent 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;

B/C

N NCF(i)

= [ ------ +

i=l (l+r)i

PSV

(l+r)N

+

VL

(l+r)N

+
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Feasible investment is denoted by a positive Net Present

Value or a B/C ratio greater tban 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 analyzed. 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 e 'IH E MODEL OUTPUTS

4.1 System nesign--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 may 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

capaci ty 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 (NPV) 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 capaci ty had a very ins:!.gni­

ficant effect on the NPV of 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.

Reeping 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 NPVs (NPVs 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, 3700 m3/8 hr, was

found at the minimum variance of NPVs (Table 5) 0 In other

words, the grain processing plant with the optimum drying

capaci ty 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

capaci ty was obtained at 579.0 m3 (Tabl e 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 val ue 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

capaci ty of the plant are shown in Appendlx 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 feasibl eo



Table 4 The Net Present Value (NPIT) of Cash Flow Corresponding to the Drying and Storage

Capacities of the Plant for Weather Pattern 1

storage capacity (m3)

Drying
Capaci ty
<m3/8 hr)

500.0 540.0 545.0 545.4 545.5 545.6 546.0 550.0 570.0

28.00 413817.44 416907.19

29.00 424260.12

30.00 ~129948 .31 433260,.00

31.00 434922.94 438322.31

31.25 436980.44 440402.00

31.40 437268.50 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

(J)

w



Table 5 The NPVs versus potential Optimum Drying Capacities at Different Weather Patterns

for a storage Capacity of 545.5 m3

Weather Pattern of 15 Simulated Years

1 2 3 4 5 6 7 8

% of no sunny d<ly
during harvesting 39.57
seasons

41.44 41.21 41.74 40.30 43.18 41.82 41.82

% of harvest day
during harvesting 70.91
seasons

66.97 67.88 66.52 69.24 66.97 68.48 67.05

Total no. of
no sun- no sun
seq uence duri ng
harvesti ng
seasons

240 251 255 255 256 276 276 285

Naximum no. of
successive
no sun days
during harvesting
seasons

6 9 9 9 10 11 12 15

======================================================e==========================================================
potential optimum
dry ing capaci ty

(1T~/6 hr )

Variance of
NPVs

31.50 ~l.6jtL87 434348.19 463530.87 525085.31 384257.50 512300.44 319446.12 399002.31 4.59*109

34.00 434700.12 ~52--l2 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 407656.25 530576.75 372279.31 432745.62 3.26 *109

35.50 427600.00 463865.94 465621.28 5n404.U 411560.76 531112.18 395882.06 433200,08 2.69*109

37.00 419414 .37 462461.06 463322.69 527382.69 415263.06 533210.06 402679.00 434694.56 2.57*109

37.50 416716.00 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 526367.37 410704.75 440887.19 2.78*109

42.00 380821.19 428993.31 460374 .94 512204.94 363998.31 523723.44 410127.12 li2298.69 2.89*109 ~----------------------------------------------------------------------------------------------------------------- ~



Table 6 The Net Present Value (NPJ) of Cash Flow Corresponding to the Drying and storage

Capacities of the Plant for Weather Pattern 5

storage Capacity (m3)

Drying
Capaci ty
(mJj8 hr )

545.5 570.0 574.0 576.0 578.0 1579 . 0 I 580.0 582.0 584.0 588.0

31.0

33.0 395355.06

35.0 407658.25

36.0 413289.44

~ 415283.06

38.0 411329.62

39.0

40.0 396564.06

41.0

43.0 375273.25

376198.44

396078.19

408703.81

414855.12

416544.31 416712.44 416797.44 416881.56 1416888.311 416856.94 416796.69 416736.00 416616.06

413059.06

405780.06

398543.87

392021.50

377066.25

Q)
U1
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Sensitivity analyses of the model with respect to

several important controllable and uncontrollable variables

of the s¥stem were performed primarily for two reasons g

First, to stuqy the behavior of the s¥stem 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 s¥stem. The behavior

of the s¥stem to important alternative variables and

parameters as studied here indicated that the developed

model is adequately verified and operational.

The effects of change' of dry ing capacity on grain loss

were evaluated at a fixed storage level of 579.0 m3 (optimLml

size) for different drying capacities. The results (Figure

16 and Figure 17) show that as the dryer capaci ty 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

(optimLml size) were observed (Figure 18) •

The interest rate of 11% was gathered from a report of
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the Asian Development Bank (1982) and 'Vlas 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 grain

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 NPV 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 sui table 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 resul ts shown in Tabl e 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

elanents. The simulateci resul ts due to change in the number

of sunny days during harvesting seasons are presented in

Tabl e 13. The resul ts 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

(m3 )

PV(NCF)

(Peso)

NPV

(Peso;

B/C Dryer

capaci ty

(m3/ 8 hr)

Storage

capacity

(m3 )

Investment

cost

(Peso)

0.0 976522.75 169113.31 1.20 49.00 990 .75 807409.44

Table 8 Effects of Different Interest Rates

Interest Rates ( % )

PIJ(NCF)

NPV

B/c

7

1531947.00

919310.81

2.48

9

1246665.00

634028.81

2.02

11 *

1029524.50

416888.31

1.67

13

861172.19

248536.00

1.40

15

728508.69

115872 .50

1.18

* This figure has been used in the optimization of the plant
'-.l
-""



Tabl e 9 Eff ects of Change of Market Pri ce of All

Moisture categories of the Grain (Paddy)

% Decrease/increase

in market price of

the grain(paddy)

PV(NCF)

(Peso)

NPV

(Peso)

a/c

-40 425667.12 -186969.06 0.69

-30 560772.06 -51864.12 0.91

-20 708216.06 95579.87 1.15

-10 862586.19 249950.00 1.40

0* 1029524.50 416888.31 1.67

10 1220060.00 607423.81 1.98

20 1433490.00 820853 .81 2.33

30 16E;0993.00 1048356.81 2.70

40 1895908.00 1283271.00 3.08

--------------------------------------------------------------
* This figure has been used in the optimization of the plant '-J

U1



Table 10 Effects of Change of Land Productivity

Grain Yield (m3/ha)

FV(NCF)

NP'l

a/c

2.0

421183.37

-174299.56

0.70

3.0

822903.50

216544.44

1.35

3.57*

1029524.50

416888.31

1.67

5.0

1156427.00

528043.12

1.83

6.0

1027556.00

388159.75

1.60

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

Table 11 Effects of chanqe of service Area of the Plant

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

100 300 500* 700 900

---------------------------------------------------------------------

PV(NCF) -75888.62

NPV -558083.00

a/c -0.12

475553.44 1029524.50 1156804.00

-121396.81 416888.31 528442.12

0.79 1.67 1.83

934398.75

290311.19

1.44

---------_._----------------------------------------------------------
* This figure has been used in the optimization of the plant

'-J
(j)



Table 12 Effects of Use of Individual Grain Dryers within

the Service Area of the Plant

Total daily drying capacity of the dryers presently

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

PV(NCF)

NPV

B/C

0.0*

1029524.50

416888.31

1.67

10.0

788377.12

179236.94

1.29

20.0

553311.56

-52332.62

0.91

30.0

331516.69

-270631.50

0.55

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

-....J
-....J



Table 13 Effects of Change of Weather : Change in the Number

of Sunny Days During Harvesting Seasons

Critical level of solar radiation for determination of

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

More sunny days Original Les s sunny day s

150.0 200.0 250.0* 450.0 650.0

PV (NCF)

NPIJ

s/c

624187.75

11551.56

1.01

774743.37

162107.19

1.26

1029524.50

416888 ..31

1.67

1783855.00 -537450.94

1171218.00 -1150087.00

2.89 -0.86

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

'-J
co
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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 obtained and is

expressed b¥ a regression model as follows.

Dpr = - 0.36096 + 0.11317 Ns + 007098 Nm

(0.0735) (0.5001)

(R2 = 0.9253, F = 30.95, SYox = 1.10)

where,

Dpr =
Nm =

Ns =

Potential optimum drying capacity, m3/ 8 hr

Maximum number of successive no sunny days

during harvesting seasons of entire simulated

period.

Number of sequences of no sun today and

no sun tomorrow during harvesting seasons of

entire simulated period.

The values of Ns and Nm 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 b¥ 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 maxi mum NPIl 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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KFD, 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 wai t

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 BwiOS, 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 s¥stem 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 s¥stem. 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, Julyv August, September,

November and December were found to be different. The use of

discontinuous weather daca (input data) had little effect on

economic performance of the grain drying system. The NPV

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

variabl es have al so been studied and the resul ts 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)

14* 16 18 20** 22 24

------------------------------------------------------------------------------
PV(NCF) 1180759.00 963006.25 1011328.69 1029524.50 967648.50 775763056

NPIJ 754880.12 350374.94 398694.94 416888.31 355009.87 163122 050

IC 425878.87 612631.31 612633.75 612636.19 612638.62 612641 006

FC 988273.90 1308938.20 1308944.60 1308952.10 1308958.50 1308965010

VC 979411.71 1193408.10 1071667 .80 1028211.90 1181840.60 1664065020

B/C 2.76 1.56 1.64 1.67 1.57 1 026

Al 0.00 0.22 0.22 0.22 0.22 0 022

Q 0.049 0.042 0.036 0.031 0.031 o~035

------------------------------------------------------------------------------
* Safe moisture content for storage
** This figure has been used in the optimization of the plant

0:>
w



Tabl e 15 Eff ects of Change of Farmers Deci sion to

Sell Grain to the Processing Plant

KFD*

PV(NCF)

NJN

B/C

1**

1029524.50

416888.31

1.67

2

415877.50

-196758.69

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

co
~



Table 16 The Fitted Probability Distribution to Daily Air Temperature (OC)

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

-----------------~---------------~------------------------------------------------ --

f.lonth Fi tted Location Scale Shape CHI-Square Degree of

Distribution Parameter Parameter Parameter Value Freedom

July Logistic 27.7225

March Weibull

April Weibull

February Wei bull

15

15

15

15

15

13

15

14.0322

13.5238

16.3548

19.1999

8.9999

18.8000

8.2257

24.53820

26 .82450

37.30410

31.77100

27.46600

1.134970

26 .012400

27.346100

28.877400

29.071300

28.941500

0.479180

24.7502

0.0000

0.0000

0.0000

0.0000

0.0000

Normal

May Wei bull

June Weibull

January

september Normal 27.3307

August Extreme Value
Type A 28.0065

October Weibull 0.0000

0.978599

0.837651

27.334000 31.50670

19.0644

705999

15.9677

15

15

15

November

December

Extreme Value
Type A 26.9018

Logistic 25.9447

0.77936

0.61264

13.6000

2009999

15

15
00
CJ1



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

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

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 '.[-1 0.5366 27 .796 2.0389
(515.86)

October to December RH = 99.87 - 417.14 rr-l 0.5250 10.288 1.6736
(197.36)

RH = Relative humidity of air (%) ; T = Air temperature (OC)

co
m



Table 18 Effects of Use of Generated Weather Data Using

Fitted probability Distributions

25 years of continuous data

KWD**

3 years of discontinuous data

PV(NCF)

NPV

a/c

1***

1029524.50

416888.31

1.67

2

1015800.00·

403163.81

1.65

1018491.81

415684.19

1.68

** 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
co
-....J



Tabl e 19 Eff ects of Change of Deci sion to Sell Dry

Grain (paddy) by the Plant Management

KSY**

PV(NCF)

NPV

B/C

1***

1029524.50·

416888.31

1.67

2

-490941.81

-1103578.00

-0.78

** KSY is a management indicator for dry grain sale
to the market. KSY = 1 me3ns 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 figure has been used in the optimization of the plant

co
co



Table 20 Effects of Change of Policy for Final Drying

of the Partially Dried Grain (Paddy)

KSD*

FV(NCF)

NPV

s/c

1**

1029524.50

416888.31

1.67

2

977979.50

365343.31

1.59

* KSD is a policy indicator for drying of the partially
dried gEain. 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

00
co
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5. MODEL FLEXIBILITY AND APPLICATION

5.1 ~del 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 subroutine 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

question 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 D 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

conditionsD The model can be expanded to include other

post-harvest operations by adding new submodelso No major

changes of the program are needed. For instance, an

integrated grain threshing, drying, and milling complex

could be analyzed ~ adding new subprograms for threshing

and milling of the g~ain into the program.

5.2 Application ~ 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;
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I. Design of a grain drying and storage system,

especially suitable for developing countries.

2. Feasibility study of a drying and storage complex.

3. Redesign and evaluation of an existing grain drying

plant.

4. Evaluation of a drying and storage system through

possible management alternatives and d~yillg

parameter~.

5. Estimation of total investment cost of a drying and

storage plant.

6. Drying cereals such as paddy, wheat, corn, sorghum,

soybeans etc.

7. Design and evaluate a threshing, drying, milling

and storage complex through minor modification.
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60 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 deci sion-making.

The model has been developed in such a way that it

adequately represents the complex interrelationship of both

stochastic and determi~istic elements of a grain drying

system (Obj ective 1). Important economic, weather and

physical elements, as well as thei r Lncereced cna, coul.d be

analyzed simultaneously 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 Dr = 37.0 m3/8 hr

and Z = 579.0 m3 (Objective 2) co 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) 0 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

grain drying system can be significantly reduced by using

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 G06 pesos/m3

(US$3G68/m3) or 56e02 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 padqy drying system was evaluated for a

plant life of 15 years. The payback period of the investment

was approximately 5e75 years. The Net Present Value (NPV)

and the Benefit cost (B/C) ratio at the optimum plant size

(Appendix K) indicated that the investment in the grain

(paddy) drying plant 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 eO m3/8 hr

and the storage capacity of 990.75 m3 (Table 7). The NPV and

the B/C ratio indicated that the investment on the project



96

with a view to minimize grain loss was also feasible and had

minimum weather risk e

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

continuous (cross-flow) drying systems, the problem of

mixing of different qualities or varieties of grain could be

avoided by selecting an approp~iate 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 s¥stem 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 program requires a huge amount of computer memory,

a further step may be taken to simplify the program so that

it could be run ~ a microcomputer.

A search for the optimum combination of facility sizes

was performed mainly by varying weather and drying capacity.

~£ter obtaining a potential optimum storage capacity (in

this case 545.5 ~) 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 of the plant had a very

insignificant effect on the NPVs 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 u 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 py the estimated r~gression 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 py 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

simulated 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 o 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 u

such as design and operation of an irrigation ~stem, pest

control management, crop and land allocation etc. are

largely dependent on weather. Thus, the developed model may

be helpful to 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 '!BE SPGDM PROGRAM

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.

or,

Cd =

Cd =

where,

Aa =
Cd =
Cpa =

--------------------------------- (1)ItO.Geoeee

---------------------------------- (2)Gi Cit ••••••

Cross-sectional area of dryer, m2

Energy cost of grain drying, M/m3 of grain

Specific heat of dry ai I, kJ/kgOc



Cpv =
Dr =
eo =

Hr =

specific heat of water vapor, kJ/kgOC

Drying capacity of the dryer: m3/td hr

OVerall thermal efficiency of the

dryer: decimal

Humidity ratio of ambient air,

kg of H20/kg of air

108

M = Any monetary unit

m = Mass flow rate of drying air (heated), kg/hr

PI = Price of energy for grain drying, M/unit

ql = Heat content of energy for grain

drying, kJ/uni t

Ta = Ambient air temperature, Oc

Th = Drying (heated) air temperature, Oc

td = 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 td hours. For a selected value of Ma , values of m and Hr

are determined from equation 3 and equation 12 respectively.

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

suggested by Young and Dickens (1975).

Dr f Lv ( MO - Me )

m = ------------------------------ (3)........ 0 •••••

100 Cpa Dd H (Th - Te ) / td
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where,

Ln [ «2Dd) - 1) exp (-(td Ln 2)/H) + 1

Dd = --------------------------------------~--oo.(4)

Mr Ln 2

and

Ma - Me

Mr = -----------
MO - Me

•••••••••••••••••••••••••••••• (5)

where,

Dd = Number of dimensionless depth units to the

point where Ma is calculated

H = Time-of-half-response of the grain being

dried, hr

Lv = Latent heat of vaporization of moisture in

the grain, kJ/kg

Ma = Average grain moisture content (after

dry ing), % db

Me = Equilibrium moisture content of the grain

for initial condition of the air entering

the grain, % db

MO = Initial moisture content of the grain, % db
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Moi sture ratio

Equilibrium temperature; temperature at

which air would be in equilibrium with the

grain at its initial moisture content after

the air has cooled adiabatically, Oc

Density of grain dry matter, k9/~

Lv, 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.3l).

where,

Tg = Grain temperature, Oc

b2, b3, b4 = Constants for a particular grain

c2, c3 = Constants for a particular grain

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

m Vs

Q = --------------
3600 Aa

•• 0 •••••••••••••••••••••••• (7)
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where,

287 ( Th + 273.16 )

Vs = -------------------- (Agricultural Engineers

( Pa - Pv ) Yearbook, 1982, p.332)

and

Pv ::2 Rh * Psh (Agricul tural Engineers

Yearbook, 1982, p.332)

where,

Pa ::a

Psh ::II

Pv ::I

Q ==

Rh ::I

Vs •

Atmospheric pressure, Pa

Saturated vapor pressure at Th, Pa

Vapor pressure, Pa

Air flow rate through grain, m3/m2-s

Relative humidity of drying air (heated),

decimal

Specific volume of drying air (heated) at

'rh, m3/kg

Saturated vapor pressure (Psh) at Th is calculated from

equation 13. Relative humidi ty of drying (heated) ai x, Rh

may be obtained from equation 14. Time-of-half-response has

been calculated from equation 8 (Young and Dickens, 1975, p.1).
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where,

Itd == Thin layer drying constant, hr-l

Henderson ~nd Pabis (1961) developed a model to deter.mine

drying constant of grain. ~ne same has been used here,

Kd == b1 exp (cl/(Tb + 273.16» •••••••••• (9)

where,

b1 =- A constant for a particUlar grain

c1 =- A constant for a particUlar grain

The equilibrium moisture content (Agricultural Engineers

Yearbook, 1982, p.318) is:

lin

Ln ( 1 - R

-------------- ••• ~ ••••••••••••••• (lO)

-c(T+b)
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wher e,

b, e, n = Constants for a particular grain

R = Relative humidity of air, decimal

The equilibrium temperature is determined py using equation

11 with the assumption that the exhaust air relative

h umidi ty, Re = 0.85 (Hukill, 1947 p.338)

Ln ( 1 - Re )

Te =

where,

- [ b + -------------- ] (11).........

Re = Relative humidi ty of exhaust ai r, decimal

Humidi ty ratio (Agricul tural Engineers Yearbook, 1982,

p.332) is~

0.621 Ra Psa

Hr =

where,

Psa =
Ra =

------------------ (12)•••••••• 0 •••••

( Pa - Ra Psa )

Saturated vapor pressure at Ta, Pa

Relative humidity of ambient air, decimal
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The saturated vapor pressure, Ps at temperature T

(Agricu1 tural Engineers Yearbook, 1982, p.331) is;

Ps = exp «Numerator/Denominator) +16.91) ••• (13)

where,

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

+ 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

E'quati on 13 is used to determine Psa and Psh at thei r

respective temperatures. The relative humidity of drying

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

H r Pa

------------------- (14)•••• 0 ••••••••• 0 •

( Hr + 0.6219) Psh
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2. Cost of Grain Drying ~ Solar Radiation (Natural Thin

Layer Drying

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

be calculated as follows;

where,

Al = Surface area for sundrying, m2

A2 = Surface area (for sundrying) that can

be managed effectively by a single

laborer, m2

Cds = Cost of grai n drying by sun, M/day

Dsh = Daily avail abl e sol ar hours, hr/day

P3 = Labor price, M/hr

The moisture content of grain after one day of sundrying is

(Henderson and Pabis, 1961);

MS = Me + ( Ma - Me ) exp ( -Kd Dsh ) .... (16)

where,

Ms = 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

where,

Pf td P2

Cfo = ------------- ••••.••••••••••• (18)

where,

Cfo =

Cof =
el =

Pf =

Cost of fan operation, M/~

Cost of fan operation, M/day

Overall efficiency of fan-motor or

fan~engine system, decimal

Power required to force air through

grain, kw/m3

Price of energy/electricity, M/unit

Number of shifts (a shift of td hrs.)

of plant operation per day

Power required to force air through grain may be calculated

from equation 19.



Q Dp .

Pf = --------
1000

where,

Dp = Pressure drop through grain per unit

depth of grain, Palm

Dp is calculated from the following relationship

(Agricul tural Engineers Yearbook, 1982, p.3l9) •
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where,

• • • • • • • • e _ ••••••••••••••• (20)

y

q

=

=

A constant

A constant

4. Cost of Eleyating/Conve~Grain During Drying

The cost of elevating or conveying grain is:

Pe td P2 Wr

Cec = ----------------
e2

••••••••••• (21)
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where"

Cec = Cost of elevating/conveying the

grain, M/day

€2 = Overall efficiency of grain conveyor

or elevator, decimal

Pe = Power required to elevate/convey

the grain, kW

Pe is calculated from equation 22.

Pe = ---------------- ••••.•••••••. (22)

367085

where,

1m =
x6 =

h =

Height of storage bin, m

Height increment factor for grain

el evator, ( > 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 (Da), the total number
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of harvesting days in a harvesting season (N) and the total

area to be harvested during the period of peak harvest (Ah) G

In each harvesting season, W is calculated logically by the

program itself. The following relationships have been use by

this harvesting model.

where,

x = 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 (WeI) in a harvesting season is;

(W - Dai

WeI = -------- (24)•••••••••••••••••••••••••• a

2

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

Ah = z TA •••••••• 0 e ••••••••••••• 0 e ••• 0 ., •• ( 25)



121

TA = Mean total crop area within the service

area of the pI ant, 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 (Ael) in a harvesting season is;

Ael = --------
2

( "'~ )•• 0 ••••••••• 0 ••••• 0 ••• 0 • 0 ~U

The daily area harvested during peak harvest (Ab) is;

= ----- •••••••••••••••••• 0 •••••••••• (27)

The daily area harvested during the early harvest (Ae) is;



Ab

= ----- Dn

WeI
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.... 0 0 0 0 0 0 0 0 0 0 •• " • It 0 0 0 • 0 • e (28)

where,

Dn = Working days in an early harvest period,

days

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

Ab

At = ----- Dm •••••••••••• lit •••••••••••• (29)

WeI

where,

Dm = working days in a late harvest period,

days.
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APPENDIX C

MODELS USED IN '!HE 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 + S r

where,

r (l + r) L

•••••••••••••••••••••••••• (30)

Crf = -------------- (31)............................
(1 + r) L - 1

where,

Cc =

Crf =
L =

Capital consumption on facilities

and equipment, M/yr

Capital recovery factor

Life of equipment and facilities, yr
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p = Purchase price of equipment/

facility and is a function of

capaci ty or size of that equipnent/

facility, M

r = Interest rate, decimal

S = Salvage val ue of equipnent or

facility at the end of Lth year, M

2. Sales and Property Taxes

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

P x2

Tst = ----- ••••••••• 0 ••••••• 0 •••••••• (32)

L

where,

Tst = Sales tax, M/yr

x2 = Sales tax rate, decimal

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

0.5 P x3

Tp =
2

••••••• 0 ••••••••••••••• (33)



where,

Tp =
x3 =

Property tax, M/yr

Property tax rate, decimal
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3. Insurance Cost (Hunt. 1979. ~ ~

where,

I p = Insurance payment, M/yr

x4 = Insurance rate, decimal

4. Shelter Cost (Hunt. 1979, ~ ~

Cst = P x5 •• 00 •••• '.00 ••••••••• 0 ••••• (35)

where,

Cst =
x5 =

Shelter cost, M/yr

Shelter cost rate, decimal

5. ~he Total Fixed Cost

where,

= (Cc + Tst + Tp + Ip + Cst) ....... (36)
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CF = Total· fixed cost of the entire

plant, M/yr

The value of land at the end of the Nth year is calcu­

lated as follows v 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 govermnent plan to establish a nuclear power

plant nearby). AIthough 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 •••••••••••••••••••• (37)
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APPENDIX D

FITTED PROBABILITY DISTRIBUTIONS TO DAILY AIR TEMPERATURE

IN LOS BANOS, PHILIPPINES FROM 1959-1983
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APPENDIX E

DEFINITION OF WEA'IHER PATTERNS AS GENERATED BY USING BASIC

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

Weather
Pattern

Per cent of no
sunny days
during harvesting
seasons of entire
simulated period

Total no. of sequence
o£ no sun today and
no sun tomor row
duri,ng harvesting
seasons of entire
simUlated period

Maximum no. of successive
no sunny days during
harvesting seasons of
entire simulated period

DSEED as used
in the random
number generator

(GGUBFS)

1 39.57 240 8 123457.00

2 41.44 251 9 254786.00

3 41.21 255 9 119329.00

4 41.74 255 9 1216924.00

5 40.30 256 10 60768.00

6 43.18 276 11 249377 .00

7 41.82 276 12 11921.DO

8 41.82 285 15 80051.DO

w
--'



APPENDIX F

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

132
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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% 25% 26%

95 - 100% 1.00 .97 .96 .95 .94 .92 .90 .88 .86 .85 .83 .81 .80 .78 .77

90 - 94.9% .97 .95 .94 .93 .92 .90 .88 .86 .84 .82 .81 .79 .77 .76 .74

85 - 89.9% .92 .89 .88 .87 .86 .85 .83 .81 .•79 .77 .76 .74 .73 .71 .70

INSTRUCTIONS FOR THE USE OF THE TABLE:

1) Determine the Gross Weight (GW) of the palay.
2) Determine the Net Weight (NW) of the palay by subtracting the weight of container

from the Gross Weight.
3) Determining the % Moisture Content and the % Purity of the palay.
4) Based on the % Moisture Content and the % Purity determine the Equivalent Net

Weight Factor (ENWF).
5) Multiply the Net Weight to the weight factor to get the equivalent Net Weight
G) 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: H% Me and 95% Purity

Source: Gravacio (1984)
w
w
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APPENDIX H

SOURCES OF DATA

The data used in the model was collected from several

institutions in the Philipp\nes. 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 Mul tiple Cropping Department of the

International Rice Research Institute (IRRI), Pbilippines

Council for Agricul ture and Resources Research (lCARR),

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 ~RRI; yield and price

information of paddy and wage rate from PCARR; technical and

cost information on dryers and their acessories from the
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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. Weather 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 (MaN), 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,

m2 (Al) *

2. Cross-sectional area of storage for wet

grain, m2 (A3)

=

=

2250.0

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.
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= 100000.0

3. Cross-sectional area of storage for dry

grai n, m2 (A4)

4. Area harvested (service area of the

plant), ha (ACH)

5. Annual increase of pay/salary,

decimal (AlP)

6. Moisture content of partially dried

grain, dried by the plant, % db (AMO)

7. Maximum income limit where corporate

income tax changes, Peso (BRK)

8. Cri ti cal level of solar radiation for

determination of sun-no sun day,

cal/crn2/day (Cl)

9. Critical level of solar radiation for

determination of harvest-no harvest day,

callcrn2/day (C2)

10. Cri tical level of wind speed for

determination of wind-no wind day for

grain harvest, km/hr (C3)

11. Capacity bracket of elevator, needed

during purchase, m3/hr (CBL)

12. Corporate income tax for 1st bracket,

de cimal (CTAXl)

13. Corporate income tax for 2nd bracket,

de cimal (CTAX2 )

=

=

=

=

=

=

=

=

=

=

500 .. 0

0.05

20.0

250.0

110.0

15.0

10.6

0.25

0.35



= 60768 .DO

= 642.54

= 37.00

= 579.00

14. Density of dry grain at Mf % db,

kg/m3 (DDG)

IS. Drying capacity of the plant,

m3/td hrs, (DR)

16. Storage capaci ty for dry grain, m3 (DSe)

17. Ini tial value used for random number

generation process, (DSEED)

18. Mean density of harvested wet grain,

kg/m3 (DWG)

=

138

572.26

19. Height or length bracket of the elevator or

conveyor, needed during purchase, m (ELL) = 3.05

20. Height increment factor for grain

elevator, (FE) = 1.10

21. Extra land that might be needed for road,

loading/unloading and miscellaneous use,

m2 (FL) = 500.0

22 • Pi nal saf e moi stur e 1evel of pa ddy ,

% db (FM) =

23. Minimum moisture content of paddy at

harvest, % db (GIM) =

24. Maximum moisture content of paddy at

harvest, % db (GXM) =

25. Grain handling and quality losses during

entire processing operation, decimal (HQL) =

26. Beginning year of the input weather data

14.0

26.0

30.0

0.005
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minus one, (IFY) = 58

27 e First day of Ist harvesting season, (IFI) _. 232

28 e First day of 2nd harvesting season, (IF2) = 311

29.. Last day of Ist harvesting season, (ILl) = 274

30. Last day of 2nd harvesting season, (!L2) = 355

31. Number of future bad days that farmers may

wait for sundrying before they decide to

sell their grain to the plant management,

(KFD) = I

32. An indicator for drying of partially dried

grain, (KSD). KSD = I 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 pl ant , = 1

33. An indicator for dry grain sale to the

market, (KSY). KSY = I 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 = 1

34. A decision indicator for use of weather

data, (KWD). KWD = I means historical

weather data is used directly. KWD = 2

means historical weather data is used to



generate daily t emper acur e and relative

humidity of air, using fitted probability

di stributi on.

35. End of year of input weather data plus

one, (LY)

36. Time span between two successive years of

change grain production r year (Ml)

=

=

=

140

1

84

10

37. Time span between two successive years of

price change of electricity, year (M2) =

38. Time span between two successive years of

price change of fuel (kerosene) for grain

drying, (M3) =
39. Total number of historical years used

in input weather data, (N) =

40. Number of padqy harvesting season in

a year, (NOS) =

41. Number of simulated year, that is equal

to the life of the plant, year (NOYR) =
42. Ratio of off-season price of padqy to the

in-season price of dry paddy, (OSP) =

43. Cost of fuel for drying of grain,

Peso/litre (PI) =
44. Price of electricity, Peso/kW-hr (P2) =

45. Labor cost, Peso/hr/laborer (P3) =

46. Pr.ice of harvested wet grain at moisture

2

2

25

2

15

1.1305

3 .. 25

1.0

2.025
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level of (GXM) % db, Peso/m3 (P4) = 558 .. 32

47.. Price of dry grain during harvesting and

drying season, Peso/m3 (P5) = 725.096

48. Price of grain elevator per unit length in

addition to (ELL), Peso (PEL) = 490.0

49.. Yearly increase of grain price,

Peso/m3 (PI) = 36.228

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Yearly price increase factor for repair

and maintenance of the plant, n~cimal (PIP) =
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) =

0.02

0.14

0.14

0.291

12600.0

0.26

3.57

0.03

0.5

35667.2



60. Interest rate, decimal· (RI) =

61. Critical level of rainfall for determina-

tion of sun-no sun conditions, rom (RN) =

62. Cri ti cal level of rainfall for determina-

tion of harvest-no harvest days, rom (RNl) =
63. Land rent rate, Peso/m2/yr (RNTL) =
64. Sales tax rate, decimal (STR) =

65. Salvage value of concrete structures,

decimal (SVC) =
66. Salvage val ue of the dryer, decimal (SVO) =

67. Salvage value of elevator/conveyor,

decimal (SVE) =
68. Salvage value of storage structures,
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0 .. 11

5.0

5.0

0 .. 2

0.01

0.15

0.15

0.15

de cimal (SV S)

69. Time of grain drying -- single shift of

plant operation, hr (TO)

70. Total daily drying capacity of the dryers

presently used within the service area of

the plant, m3/day (TOD)

71. Temperature of drying air, Oc (TH)

72. Unit price of concrete structure or

platform, Peso/rn2 (upe)

73. Unit price of dryer complete with all

drying components, freight and installa­

ti on costs, Peso/rn2/hr (UPO)

= 0.15

= 8.0

= 0.0

= 80.0

= 65.5

= 35095.56



74. Unit price of land, Peso/m2 (UPL) =

750 Unit price of electric motor, Peso/kW (UPM) =
76. Unit price of storage structure,

Peso/m3 (UPS) =

77. Number of shifts of plant operation per

day, each shift consists of (TO) hours, (WR)=

78. Miscellaneou~ cost, decimal of total

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

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

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

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

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

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

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

m (Xl) =
86. Surface area that a laborer can cover

effectively during natural sundrying,
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1705

1515.8

327.5

2.0

0.005

4062.57

4691.99

0.6

0.9

7.0

10.0

0.02

m2 (Al) = 200.0
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Co Input Parameters and Constants Associated liith Different

Models

1. Model for Safe Storage Life of Grain (Peige 54)

a (A) = 379.23 "/>: 1010

u (B) = -6.6581

v (C) = -200393

tg(ST) = 3.0

2. Energy Cost of Grain Drying (Page 107)

Oc

Cpa (CPA) = 1.0 kJ/kg/OC

Cpv(CPV) = 1.88 kJ/kg/OC

Pa (PA) = 101283.98 Pa

Re (RE) = 0.8

X (X) = 0.7 m

eO (EF) = 0.60

3. Equilibrium Temperature Model (Page 113)

b (B) = 51.16

c (C) = 0.000019187

n (AN) = 2.4451



4. The Latent Heat ~ Vaporization of Grain (Paddy)

Moisture (Page 110)

b2 (B2) = 2.323

b3 (B3) = 1.026

b4 (B4) = 2.9462

c2 (C2) = 17.78

c3 (C3) = 0.21733

5. Equilibrium Moisture Content (Page 112)

b (B) = 51.16

c (e) = 0.000019187

n (~~) = 2.4451

6. Determination ~ Grain Drying Constant (Page 112)

bl (B1) = 136485.6

c1 (CI) = 4411.671
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7. Cost of Fan operation for r·7oving Air through Grain

During DryinE (Page 116)

q (A) =
Y (B) =

el (El) =

3652.62

1.1867

0.85

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

e2 (El ) = 0 •85

D. Price ~ ~ Grain JD 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:

P5 = -2245.6 + 36.228 Y

(3.7635)

(Fa = 0.877, F = 92.665, Sy.x = 62.975)

where,

P5 = 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 ~ wet Grain at Harvest

The price of wet grain (P4) at maximum observed

moisture content with a purity level of 90 to 95 % during

harvest has been calculated using equivalent net weight

factor for padqy (Gervacio, 1984, p.138) (Appendix G).

P4 = 0.,77 * P5

F. Price ~ ~ Grain in Non-haryesting Seasons

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

predicted using the past trend with an estimated regression

equation as follows:

P6 = -2645.1 + 42.254 Y

(4.0866)

(R2 = 0.8916, F = 106.908, Sy.x = 68.383)

where,

P6 = Pri ce of dry grai n ina non- harvesti ng

season, Peso/m3

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

year)
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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 (1~82, the base

year)

H. Unit, _P~ige 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 uni t pr ice of el ectric motor has been pr edi cted

using the information available in a manufacturer's price

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



as f 0110\'18:

Pm = 1515.8 K

(106.93)

(R2 = Oc8731, F = 200.924, Sy.x = 518.14)
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where,

Pm =
K =

Price of an electric motor, Peso

Electric power, kw

J. The Fitted Probability Distributions and

Humidity-Temperature Models

The input parameters used in the fitted probability

distributions and humidity-temperature models are shown in

Tabl e 2 and Tabl e 3 respectively.
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APPENDIX J

STEPS TO BE FOLLOVED WHILE USING '!HE MODEL

The following steps (refer to the program in Appendix

L) need to be followed for successful use of the model.

1. Gather necessary data as mentioned in Appendix I and in

the data statements of the program (Appendix L) •

2. 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) •

3. Create a separate data file for historical data only,

following the fixed format as mentioned in the READ

(FORMAT) statement of the main program.

4. 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.



50 Add extra WRITE statements if more output information

is desi redo

60 Run the program and get the resul t.
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MODEL OOTPUT AT THE OPTIMUM LEVEL OF DRYING AND STORAGE CAPACITIES

YL\R VA!HABLE COST FIXED COST GRAIN COST llEVENUE ~RAIN LOSS

PESO PESO PESO ?ES:J PESO

29855.05 86712.87 522497.12 763289.50 0.00

::! 26519.00 86784.87 414275.31 596712.50 0.00

3 29986.132 86858.37 531094.62 755350.87 0.00

~ 29294.71 86933.31 473877.50 666319.87 0.00

'5 39055.87 87009.75 699362.44 968346.87 3516.07

Fi 63621.85 87087.69 967950.81 1317277.00 0.00

7 47169.54 87167.19 791665.19 1072716.00 1564.38

8 45612.62 87243.31 766284.25 103647a.25 0.00

9 45967.78 87j3i.06 891217.44 1199608.00 0.00

10 5215!1.00 8H15.4!1 B79!146.19 1172383.00 0.00

11 59361.4!1 87501.50 1008712.69 1329943.00 7718.d.1

12 150684.94 87589.31 1602037.00 2037329.00 3732.09

1] 135190.31 87678.87 1593795.00 2027!129.00 0.00

14 93045.69 87770.19 1152951.00 1470623.00 16670.95

15 180692.25 87863.37 1524792.00 1862455.00 47836.54

YEAR ~ ARVESTING P!..ANT ::::l OPEFATION AVERAGE l?LANT CAPACI'l'Y DLANT IN PULL

DAYS DAYS UTILIZATION CAPACITY,DAYS

61 3':i 0.67 14

2 69 32 0.57

3 62 40 0.56 10

~ 69 31 0.58 3

5 61 .18 0.66 12

"i 56 44 0.74 4

..., 51 33 0.73 9

~ 60 38 0.65

q 65 3q 0.70 3

10 62 39 0.65 3

1 1 53 43 0.63 13

12 b1 53 0.66 20

13 59 49 0.72 19

t a 64 36 O.7~ 14

15 61 44 :.J.71i 16
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VEA::l GFi\I~ ~:;'~V:::D BY ESTABLISn:::N.G COST OF DRYDG EN::RGY COST OF DRYING

'1':1£ PLANT(CU.METER) l?ESO,r. U. "I. PESO/CU.!'!.

931.15 32.06 H.37

2 693.30 38.25 1l'3.98

1 837.76 35.79 19.07

~ 706.90 41.44 20.74

5 984.55 39.67 20.54

I) 1302.45 48.RS 23.40

7 94'1.30 46.54 21.51

8 339.08 48.57 27.52

q 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 94.66 30.01

14 1027.64 84.69 36.58

15 1379.34 131.00 37.29

YEAR !lRY GRAIN TO BE ST:>RED IN DRY GRAIN TO 3E STORED IN NET CASH FLOI'

'!''lE 1ST SEASON(CU.~.) TH? 2ND SEASOll(CU.~.) PESO

500.20 43 0.96 109895.81

2 180.22 513.09 68564.94

3 469.39 368.37 97286.25

:+ 323.50 383.41 73886.12

5 451.73 532.82 126587.94

6 663.07 639.39 210837.87

7 376.11 631.46 133393.06

':l 340.29 599.7~ 121681.6'3

9 467.04 518.49 153863.06

10 603.86 385.59 134394.31

11 549.07 532.82 163748.62

12 671.35 99 0.74 293992. a 1

13 1301.90 795.03 297:032.6 9

14 674.65 42 'I. 01 1114902.00

1:; 946.49 432.85 156128.::7
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1029524.50

256

0.288

0.225

81.72

PRINCIPAL COST OF THE PLANT(PESO)= 612636.19

UE~ PRESENT VALUE(PESO) = 416888.31

BENE?IT COST RATIO = 1.676

PRESENT VALUE OF NET CASH INFLOW(P~SO)

TOTAL GRAIN LOSS, EXCEPT PROCESSING ArlD

HANDLING LOSS (PESO) = 81038.81

TOTAL ~RAIN LOSS, EXCEPT PROCESSING AND

HANDLING LOSS(CU.M) = 79.95

PPOCESSING AND HANDLING LOSS(CU.M) =

TO~l\L GRAIN SAVED BY ESTABLISHING

THE PLANT(CU.M) = 15994.58

REVENUE LOSS DUE TO LI~ITED STORAGE CAPACITY

OF THE PLANT DURING ITS LIPE(PESO) = 24~587.94

STORAGE CAP~CrTY FOR DRY GRAIN(CU.~) = 579.00

STORAGE C~PAC!TY FOR ~~ G?AIN(CU.~) 112.45

DRYING CAPACITY OF THE PLANT(CU.~/8 RRS) = 37.00

TYPE OF DRYER = BATCH OF CROSS-FLOW

CONTINUOUS DRYER

SONNY DAY DURIN~ HARVESTING SEASONS(~) = 59.70

HARVEST DAY DURING HARVESTING S~ASONS(~) 69.24

TOTAL NO SUN-NO SON SEQUENCE DURING H.SPASONS=

DOYING AIR TEMPERATURE~ C) = 80.00

~AX!MUM ~IRrLOW RATE(CU.M/SQ.H/S) = 0.ry31

DAILY ~AXI~UM PLANT OPER~TI~G HOUP-S(HR) = 16.00

DRY GRAI~ PARTIALLY TO 20.00~ MOISTURE(DB)

TOTAL AREA NF.CESS~RY TO SET UP THE PLA~T,

nCLODlNG AREA POR SON !lRYING (HECTARE)

AREA nCESSARY FOR SUN !lRYING (HEC':'ARE)

S~RVICE AP.EA OF THE PLANT(ACTUAL MEAN

:.'R0DUCTIVE LAND) (HECTARES) = 500.00
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THE COMPUTER PROGRAM OF THE MODEL
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C *******************~****************************************
C ************************************************************
C ** **
C ** SI~ULATION OF WEATHER EFFECT MINlaIZATION I8VESTaE~T **
~ ** AN APPLICATION TO GRAIN DRYING SYSTE~ DESIGN **
C ** AND MANAGEMENT IN 1 DEVELOPING REGION **
C $$ ( liEGD!'! ) **
C ** **
C ************************************************************
~ ************************************************************
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C A : C[lOSS-SECnONAi. AFEA OP THE DRYEP. (SQ. ~ETER)
::: 11 SIJRFACE AREA FOE SUNDRYlNG OF GRAIN (SQ.:'IETER)
C A2 SUPFACE AREA THAT A LABORER CAN COVER EFFECTIVELY
C DUPING NATURAL SUNDRYING (S0.MET~~)

C 13 CReSS-SECTIONAL AREA OF STORAGE FOR WET GaAIN
C (SQ.~ETER)

C A4 CROSS-SECTIONAL AREA OF STORAG~ fOE Day GRAI~(SQ.METERi

eACH APEA HARVESTED (SERVICE ABEA OF THE PLANT) (HECTARE)
C APR ~AXIMU~ AIRPLOW R~TE NECESSARY TO DRY THE
C GRAIN(CU.~./SQ.M./SEC)

C AIP UNUA" INCREASE OP PAY OR SALARY, (DECliiAL)
C AMO ~OISTUBE CONTENT OF ~ART!ALLY DRIED ~llAIN,DaIF.D 9Y
C THE PLANT(% DB;. rHE DRY~RS ARF. USUALLY JESIGNEO FDa
C TEN POIUT MOISTURE ~g~OVA~.

C AOM (I,J) : ~OISTUHE COIITENT OF HAJVC:STE~ GEA!N (WET) % DB.
C BC? : B~NEPIT COST RATIO (9ECI~AL)

C BRK : !AXIMUM INCOME LI!I~ ~HERE C0220HATE rNCO~E TAX R~!E

C CHANGES(MONEY rrNI~)

C C1 C~IrICAL L!VEI OF SOLAR BADIlTION FOf DETERMINATION
C OF SUN-NO SUN DAYS(CAL/SQ.C~/DA~).

C C2 CRITICAL LEVEL OF SOLAR R~DIATI09 FCR DETE?:'IINATIO~

C OF ~ORK-NC ~ORK D~YS FOR GRAIN HARVEST(CAL/SQ.C~/DAY).

C C3 CRITICAL LEVEL Of hIND SPEED F02. DZTERMINA~ION

C OF WIND-NO iIND O\YS fOR GRAIN HA&VEST(KM/UR).
C C9L: CAPACITY BRACKET OF THE !LEVATO~,~EEDE~ DU3ING
C ?U~CHASE OF GHAI:: ELZVATCIi (CU.:1./"il)
C CC: C~PITAl CONSUMPTIO~(DF.PRECIATIONPLUS !~7EREST 01
C SALVAGE VALUE) ON FACILITIES A~n E~UI?~ENT (MONEY/YR)
C C'!';l) (I,J) : DAI,-'{ ENERGY COST OF GRAI1I D?YI~lG J~ :'lIE P!..AN'!'
c ('JONEY UNIT)
C C:~: ~07AL INSURANCE 2AYMEST (MO~EY UNIT)
C COG (I,J) : DAILY PURCHA:3E COST or IiET AND PARTIALLY ,HUED
C :;PAI~ pleNEY UnT)
c CaSF(I,J) DAILY COST JP ~A~ OPE?A~IO! f:~ 'OVI~~ AI~

~ THPCUGH SRUN (:-!O!'!EY UNIT)
C COS~' (I.J) ENERGY COST OF ::!.EVATING ·;t;lIIS ("IO~EY illlI":)
C COST(!.J) DAILY LA80] COST 8'!PLlJy;;n III :::UNDRYI~r,('10:I:::Y U)
C CPA : S?ECIFIC gEAT OF DRYING HR, (KJ/l<G/O ci ,
c C??! : 'IOTA: I~VE5T~E~7 COSI(MONEY UNIt).
C C?7: SPECIFIC HEAT OF ~ATE3 1AP03. (KJ/~G/C C).
C C'f : C~?ITAL SECOVE]Y ?AC70R.
C C'~(~ !!A~L' caST c~ P!?AIR n~~ ~~!1r~Y~MC2 (~O~~! a1I~)

C C5i.(I,.J) DAIL"{ Less 'JF :A,,':'ULLI J,GEJ(~J::) G:II'J Dr]'" 'er-
r u ~!.~ Vl\ I LAE I :::T YO:" :!!:: :> :f'\ N: (~:c ~~ z: r]!I!-)
C C5L~S(,1) 1EA~~Y !CS ~F ?~Vi':rE JUE Tf) :!~:~2~ c,~~=!~!

:- CF T:iE 570 t\:;" ("ION:::Y "lllI;')
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C CS'I : TOTH SHELTER COST OF EQUIPl1ENTs. (IiOI/EY UNIT)
C CTAX : CORPORATE TAX (DBCIMAL)
C CTAX1: CORPCRATE INCOME TAX RATE FOP. 1ST BRACKET (DECIMAL)
C CTAX2 : CORPORATE IRCOflE TAX RATE FOR 2ND BRACKET (DECIMAL)
C CTF(~: YEARLY TOTAL FIXED COST (HONEY UNIT)
C CUP(I,J): DAILY CAPACIl! UTILIZATION OF THE PLANT{DECIKAL)
C DCOST(I,J): DAILY ENERGY COST OF PARTIALLY DRI3D(BY SUN)
C GRAIN BY T3E PLANT (MONEY UNIT)
C DOG: DENSITY OF DRY GRAIN AT F~ % DB (KG/CU. METER)
C DDR : DAILY MAXI~U~ DRYING RATE OF THE PLANT(CU.~/DAY).

C DFGFN(I,J): .\1l0UNT OF J>AR'r!ALLY DRBD GRAB ACTUALLY DELE:)
C BY THE PUNT WHICH aas COriE FRO"! l"AR'lEF.S'
r. HCUSE(CU.t1ETER).
C DGRAIN (I.J) : DAILY Al10UNT OF GRAn DRIED BY THE PLANT (cu.n)
C DH (I,J) : ~MOUNT OF HARVESTED GRAIN wITHIN THE PLANT
C SERVICE AEEA (CU.~ETER/DAY)

C DLOs(I,J): DAr~! A~OUNT OF PARTIALLY DRIED(BY SUN) GRAIN
C LOSS DUE TO UNAVAILABILITY OP rHE PLANT(CJ.M)
C D~OR : DAILY KAXIHUK PLANT OPERATING HOURs(HOOeS).
C D?LS(I,J): DAILY APIOUNT OF l?ARTIALLY DRIED(BY SON) GRAIN
C DRIED BY THE PLANT (cu. !!ETER)
C DR : DRYING CAPACITY OF THP. l?LANT(CU.M./TD HOORs)
C DsC : STORAGE CAPACITY FOR DRY GRAIN (CU. METER)
C JSH : DAILY AVAILABLE M~AN SOLAR gOURS(HR.)
C D\lG : ~EAN DENSITY OF HARVESTED(WZT) GRAIN (KG/CU.:'!ETER)
C £1: OVERALL EFFICIENCY OF FAN-~OTOR SlsTE~ OR ~RAIN

C ~LEVATOR/CONVEYOR (DECIMAL).
C EF : OVERALL THERMAL EFFICIENCY OF THE DRY~B (DECI~AL)

C E!i 1 9EIGHT OF GRAIN ELEVATOR 1 (IIETER)
C PH2 3EIGHT OF GRAIN ~LEVATOR 2 (~ETER)

CELL: HEIGHT OR LENGTH BRACKET OP THE ELEVA TOE, NEEDED
e DORING PURCHASE(METER)
C ES P. : EFFECTIVELY USED SOLAR HOURS PER DAY (HRs.)
C Fen(~: YEARLY NET CASH FLOW (MONEY U'IT)
e "eOST(I,J): DAILY ENERGY COST O'!" PARTIALLY JRIEJ ';RAIN
C COMING PRO~ FARMERS' HOUS~ (~ONEY JNIT)
C FE : q~IGHT INCREHEN~ FACTOR FOR ~RAIN ELZVATORS(CONSTANT).
e FGR~ (I,J) : DAILY 1:10UMT CF GRAIN FLOWING TO TH:: Hli~r.:R31

C HOUSE (ca. :1ETER)
C Fr;;;NP(I,J): DAILY FLOII OF ?ARTIALLY DRBD GP.AI~ FRO~

e FARME3S' HOUSF TO T!lZ PLAN'!' (CO.I1£T:R)
C FL : EXTPA LAND THAT ~I;HT BE NEC~SSd&Y FCR ROAD, LOADING
C OYLOAD1NG A3EA, xrsc. USE ETC. (SQ. :!ETER)
C !'LOSS(I, J) LOSS OF PA'TIAL1Y DRIED GP.AI~; DU2 TO 01a VAIL-
e ABILITY OF TIlE PLA!lT,CO~n~ FRO:1 FA?·'!:::ES' !:CUSE
C (MON EY UNIT)
e FtC:;X (I,J) LOSS OF PARTIAL!.Y DRIE:> GRIP, DU::: TO
e aNAVAILADILITY OF THE g:ANT, GRAIN COI1!I~~

C F~OM FARME~S' HOUSE (Cu. ~::TEF)
C FM : F:i:NAL MOISTURE(SAFP. STORAGE LEVEL) cos rssr OF THE
e GF..HlI (~ DB).
C F~CG (I ,J) : "ICIS'rURE CO:ITEYT OF P~R'::IALLY DE.IE:J ~P.AIN

C COi'lING FRO"! FAh.:1ERS' iIOUSl': Pi DB).
C r;COST(.J): YEA?!Y TOT!l!. COST CF r;RAI~ D~YIYG (1l0NEYlYE,Ul)
e :~COSTP (,1) : YEARLY TOTH OnRATI:lr. CJST OF THE l?!.Awr pOlIEY/YR)
c r;I~ : ~INI~UI1 j0ISTURE CONTENT OF GRRIY AT HARVEST,(f D8).
e ~L0T : TCTAL GPAIN LOSS,ZXe~?T ~~OC!SSINr; AND HANDLI~G LCSS
C D09I~G ES7IRZ LI?H OF THE ?LAST(CU.I!)



GI1AIN(I,.1) : DAILY GRAn now TO TnE :>ROCESSING PLANt (C[J.li)
SSAV (J) : AMOUNT OF GRAIN SAVED III YEAR J DUE:'O

ESTABLISil~ENT OF THE ~LANT (CD.METER)
GSAVT : TOTAL GRAIN SAveD BY ESTABLISHING THE ~LANT DURING

ENTIRE LIFE OF rHE PLANT(CU.M)
GSU"! (I,J) : DAILY TOTAL AMOUNT OF GRAHl !lEADY TO STORE (CU./I)
GX~ : MAXI~U~ ~OISTURE CONTENT OF GRAIN A! HARVEST,(~ DB)
H(I,J) : DAILY AVERAGE OF AIR RELATIVE ~U~IDr!Y(HISTO?ICAL)

HQl : GRAIN HANDLING AND QUALITY LOSS DURING ENTIRE
PROCESSING OPEPAT!OH{DECI~ALI

~U~ : DAILY ~EAN AIS PELATIVE RUMUDITY, (II
IDATEr~) : CUMULATIVE NO. OF DAYS IN 11OTrH!.Y :)E~rO'lINA":::ON.

IDAY : DAY OF THE MONTH. EXAMPLES 30,31,29,28 ETC.
IF1 : FIllST DAY OF 1ST JAEVESTING SEASON, DAY OF THR YEAn.
IF2 : FIRST DAY OF 2ND HARV~STING S~ASON, DAY OF THE YEAP..
I!'ULL(J) : NO. OF DfoYS PLA~T IN OPERATION >;ITFi FULL CAPACITY.
IFY : BEGINNING YEAP. OF INPUT WEATHER DATA !IN~S O~E 3XMP.

(59-1) =58
IHD (J) : TO'rAL HARVESTING DAYS IN A YEAR, DAYS
lL1': LAs·r DAY OF 1ST HARVZSTING SEASON, DAY or TSE YEAR.
IL2 LAST DAY OF 2ND UARVESTING SEASON, DAY OF THE YSAR.
INN : TOTAL NO. OF NO SUN-NO SUN SEQUENCE OU2ING HARVESTING

SEASONS FOR ENTIRE SIMULATED ~ERIOD. ~O SUN-NO SUN
SEQUENCE MEANS NO SUN TODAY A~D NO SUN T0MORROW.

IPO(J) : TOTAL PLANT OPERATDG DAYS IN A YEAR, DAYS.
ISUN (I,J) : GENERATED DAILY SUlI-NO SUN STATES (1-0)
IIlIND(I,J) : GENERATED OAIlY NO WIND-HND STATES (1-0)
HORK (I,J) : GEnRAT!':!) DAILY \lORK-NO ,;ORK Sl'A rss (1-0)
IYR YEAR, EXAMPLE 93 Foa 1983.
KFD : xc OF FUTURE iJAD(\lEA7HE?1 DAY;' :HAT FA:~"3RS :1;', i1,UT

FOB SUNDRYING BEFORZ TUEY DEcrDE TO SELL Tli!I9 GTIAI~

fa rHE PLANT. SXA~2LE ?OR NO SUN TODAY-NO SON
TO~ORROi KFD=1,foa NO SUN TODAY-]O SUN TOMORRO\l-NU
SUN DAY AFTEE TOMOllROW K?D=2 ETC. PLEASE CHOOSE
O!I! VALUE.

Ksn IT'$ AN INDICATOR Foa DRYIN~ OF PAR~IA1LY DaIE~

GPAn. KSD=1 1'!EAIlS PAR':'!A!.l1 (B~ PLAIl'!') ~Rr::;D

~RArN IS ORrSD BY THE PLANT. IF PLAIIT 'IS
~OT AVAILABLE, IT IS RED?IED B1 SUN.
KSD=2 ~EAIIS PARTIALLY (BY PLAN:) DRIED 3F.!\.I~: IS
~EDRrED BY SUN. IF SU~ IS 1l0T AV1:LABLE,
IT IS DElED BY THE PLANT. PLEAS~ CHOOS~ O~~ VALU~.

1':51:' IT'S A:l INDIClITOR FOR GRAIN SI\LB. KSY=1 ~EAN;,

ALL PRY GRAIN IS SOLD OUT AT THE !ND O? EACH DRYInG
SEASON. KSY=2 ~EA~S AL! DRY GRAI!: IS SJLJ JUT GMt! !T
T~E END Of EACU tEAR. PLZAS2 C900S: 03: V~LU!.

KUD IT'3 AN INDICATOct.Kr.O=1 ~EANS dISTOEICAL .gATn!~ DATA
IS USED DIRECTLY AS A SUBSTITUTE O! Gf~E~ATION

O! 1AI1Y T!1'!P g "U~IDITY,ASSU1'!IIl:; SA!! i!ATH!2
PATTERN "ILL PERSIST IN FUTUR:::. Kj/l:=? '!BANS :lIS'~CF rcs i
wEAThER DATA IS USED TO GENERATE DAILY TE~? "
~U~IDITY USI~G P?~-FITTED PRoalBILIIY DISTRI3UTIGN.
PLE.\SE CHOOSE ONE VALUE.

:y ;~I!) f)f YE,'\F. OF !!;PUT wEAT3F.:~ D17A :?trrs')'I:':, ::1r~'~:L~,

(63+1) =Bll
:;1 :I~::: 31?AN 3ETw!E): ~IW SUCCESSIYE YEAfS 0:: Cii,\NGF C?

::;2U:i P~OD:]C'l'ION (Y"A?).
~2 ~I~~ 3PA~ IN ycAF.S BET~E~N THC SUCC~SS:V~ YSA~S a?

J 1II : II 1 : 1;::

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
L:
C
C
C
("

C
C
C
("

C

C
C
C
r:
c
C
C
C
C
~-
C
r-
~

'-
C
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c
c
c
c
C
C
C

C
C
c
C
C
C
C
C
C
c
r:
c
c
C
C
C
C
C
C
C
C

C
C
C
C
C
l.
C
C
C

C
C
r­

C
C
C
C

':
r.
c
c
C
C
C
C

c

PRIC~ CHANGE OF EL~CTRICITY.

~J : :I~E SPAN IN YEARS BET~EEN TWO SUCCESSIVE YEARS OF
PRIC~ CHANGE OF PijEL FOR GRAIN DRYING.

N : TOTAL NO~ OF HISTORICAL YEARS USED IN INPUT ~EATHEn DATA
NDAY (M) : NO.OF DAYS IN A 110NTH.
NOS : NO OF GRAIN HARVESTING SEASO~S 12 a YEAR.
NOYP : NO OF SI~ULATEO YEAR T8~T IS EQUAL TO TilE LIFE

OF THE DRYING Pl~NT(YEARS}.

OM : ~OISTunE CONTENT OF THE HARVESTED GRAIN (~ DB)
osp : ?ATIO OF O~F-SEASON GRAIN(DRY) 2RICE TO THE

IN-SEAson GRAIN (DRY) PRICE.
P1 COST OF FUEL FOR DRYING OF GRAIN (/lONEY/UNIT) ,

EXAMPLE PESO PER LITRE.
22 P3ICE OF ENEliGY (ELECTRICITY) (!'JONEY u:nT/KlI-HR)
?3 LA&OR COST (MO~EY UNIT/HR/LABORER)
p4 PRICE OF HAPV!STED(iET) G&AIH AT ~OISTU3E LEVEL

OF GAM % DB (MONEY UNIT/CU.M)
?5 PRICE CF DRY GRAIN DORING HARVESTING AND DRYI~G

SEASON. (MONEY UNIT/CU. !'lETE!!).
PA AT~OSPHERIC PRESSURE (PASCAL)
PCS : 2RI~E OF CONCRETE ST~UCTURES (~ONEY UNIT)
PD : PUhC~A5E PRICE OF THE DRYER UNIT,INCLUDES HEATER,

~OTOR,FAN,CONVEYEES ETC. (MONEY UNIT)
2E : P3ICE OF GRA:N ELEVATOR (~ONEY UNIT)
PEL : ?~ICE OF GRAIN ELEVATOR PER ONIT LENG~3 I~

~DorTION TO ELt(~ONEY U~IT)

PE11 1 PRICE OF ELECTP. IC "I0TO R 1 (MONEY UKIT)
pg~2 : PRICZ OF ELECTfIC ~OToa 2 (MONEY UNIT)
PHA~ : 2ERCENT OF HARVESTING DAY DURING HAaVZSTING

SEA50NS FOR ENTIRE SIMULATED 2£RIOO.
PHL : TOTAL PROCESSING AND HANDLING LOSS DURING

FNTIRE LIFE OF THE PLANT(CU.l'I)
PI: YEARLY INCREASE OF GRAIN PRICE(HONEY U!n:'1'/CU.~.).

PIF YEARLY PRICE INCREASZ FACTOR FOR REPAI~ AND iiAIIlTE
NANCE OF THE PLANT (DECIMAL)

PI~ : ?ERICDICAL PRICE INC?EASE OF FUEt FOR GRAIN
DeYIUG,(DECI~AL)~

PI~l : PZRIODICAL INCREASE OF PRICE OF EXERGY (E:ECTDICITYI
PRICE (DECI~AL).

PIX : YEARLY INCREASE OF PRICE OF LABOR,
(~ONEY URIT/HP/LABORE!).

2L : P~ICE OF LAND(~ONEY UNIT)
?L~T(I,J) : DAILY A~OUNT OF GRAI~ DRIED BY THE PLANT(~!T

GHAIN+PARTIALLY DRIED GRAIN) (CU. METER)
P!.C (I,J) : ~Ar:"{ LOSS OF ,RAIlI DUE TO !.I~ITED CAP.~CITY

OF ~EE DEYING PLAN': (~()NEY UNIT)
P~O 1~~UAL TUTAL 2RICE or ONE MANAG~R AND AN 02ERATOB-CD~­

!ECHnICIAN FOS OPERATING SEASO!S ONLY ~IT9 AN ANNUAL
INC~F.ASE, AT A RATE OF AI? (MONEY UNIT).

??I : CHANGZS IN GRAIN YIELD (DECIMAL)
PrOtS (I,J) :iABKOV TRAN$ITION~.L PROBABILITIES FOil SUlI

NO SUN CO~DlrIO~S.

PEOD. (I ,J) : MARKOV TP,\NSI':IONAl PP.OBABILITIES FOR WOl1K
~O ~O~K C8NDI!IONS.

??CC"OI (!,J) : :1,u.KOV 'L?ANSITIO;IAL PROBin:I':I:;S FOR
~G nI~D-~IND CONDI~IONS.

~~: ;?A!!~ "?O~UCTIO~: IlA~:': (Cu.~ST~:l/~EC':'.;":::)

?S: 22ICE CF 3TOEA~E 5IN FOB Jay ~3kl~(HONEY UNI~
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c
c
c
C
C
C
C
C
C

C
C
C
C
C

C
C
C
C
C
C
C
C
C
C
C
C
C
C

c
c
c
C
c
C
C
C
c
c
C
C
C
C
C
C
C

C

C
c
r:
c
r

'C
c
c
('

c

2SUN : PERCE~T OF SUNNY DAYS DURI~G H~RVESTING

SEASONS FOR ENTIRE SI~ULATED PERIOD.
PSg PRICE OP STORAGE BIN FOR gET GRAIN (~ONEY UNIT)
PTR PROPER~Y TAX RATE (DECIMAL)
P~i MEAN PERCENTAGE OP TOTAL gORKING DAYS DURING PEAK

HARVEST, (DECI~AL) •
pVL PRESENT VALUE OP tAND (~ONEY UNIT)
pVN NET PRESENT VALUE OF THE ENTIRE PROJECT (~ONEY UNIT)
pva PRESENT VALUE OF REVENUE EARNED (~ONEY .UNIT)
PVRNT : PRESENT VALUE OF LAND RENTAL COST (~ONEY UNIT)
PISH : PRESENT VALUE OF PLANT SALVAGE REVENU! (MONEY UNIT)
Q1 : NET HEATING VALUE OP FUEL USED FOR G5AIU DRYING

(KJ/UNIT). EXA~PLE KJ/LITRE.
QF (I,J) : DAILY AIRFLOli RATE NECESSARY TO DRY THE GRAIN,

(CU.IlETER/SQ. M./SEC).
QF? (I,J) DAILY AIRFLOI/ FATE NECESSARY TO DRY THE PARTIALLY

DRIED GRAI~ C05ING FROM F~uK HOOSE(CU.H/SQ.H./S)
QFS(I,J) : DAILY AIRPLOW RATE SECESSARI TO DRY PARTIALLY

DRIED (SUR) GRAIN (CtJ.!!/SQ.!!/SEC)
RA(I,J) : GENERATED DAILY AIn RELATIVE HUMIDITY (DECIIlAL)
RAIN : DAILY RAINP AlL. (!III)
BE : EXHAUST ALB RELATIVE aUIIIDITY OF DRYING AIR (DECIMAL)
REV(L,J) : SEASONAL REVENUE EARNED (aONE! UNIT)
HI : INTEREST RATE (DECI~Al)

RN : CRITICAL LEVEL OF BAIN~ALL FOR DETERMINATION OP
SUN-~O SUN CONDITIONS(!!).

EN1 : CRITICAL LEVE1 OP RAINFALL POB DETER~IaftirOa OF
WORK-NO WORK DAYS FOR HARVESTING OF GnAIN(H~).

!'~ITl : LWD aENT RATE (!'lONE! UNIT/SQ. K/ygAR)
asw : TOTAL SALVAGE VALUE OF EQUIPIlENT AND FACILITIES. (~.a.)

S(I,J) : HISTOBICAL SUN-NO SUN DAYS.
3kV(I,J) : DAILY AI'IOUNT OF GRAIN SAVED DUE TO ESTABLISHM.E~T

OF THE PLANT (CU.METER)
3CAIE : SCALE PAPAMETER OF THE FITTED DISTRIBUTION.
SHAPE : SHAPE PARAHETEn OF THE FITTED DISTaIBUTIO~.

5LC5(L,J) : SEASONAL LOSS OF REVEllUE DUE TO Lr~rT!D CAPACITY
OF THE STOEAGE PACILITIES POR DRY GRAI~

SCLAR : DAlLY SOLAR RADIATION, (CAl/SQ.Cr../DAY).
ST : TEI'IPP.RATURE INCREIlENT OF ST03AGF G~AI~ ABOVE

I\1iBIENT (0 C) •
STP. : SALES TAX RATE (DECleAL)
SUMG(L,J) : SEASONAL TOTAL DRY GRAIN READY TO STORE(CU.~ETEn)

SVC SALVAGE VALUE OF CONCRETE STRUCTURES (DECIMAL)
SVO SALVAGE VALUE OF THE DRYER UNIT (DECIMAL)
5VE : Si\LVAGE VAWE OF ELEVATOR. (DECI['lA!.)
SVS : SALVAGE VALUE OF STORAGE STRUCTURES (DECr~AL)

S~C : CAP~CITY OF STOPAGE FOR WET GRAIN (CU.~ETER)

T(I,J) : ~ISTORrCAL ~AILY M~AN AIR TEMPERATURE (0 q
Tr. (I,':;) : GENERATED DAILY 1l:~BIEHT TEML>ERATURE (0 C)
TC : SURFACE TE~PERATURE OP SUNDRYING ?lATFORM OF. SURFACE

Anov~ AMBLENT (0 C).
:'CG(J) : YEAnLY PURCHASE COST OF IlET A:fD PART!HLY !HiBD

GRAIN (MONEY UNIT)
"'COST (I,J) : DAILY ,,"OTH COSTS (MONEY UNIT)
TLl : '::I:1E OF DOYING(SIllGLE SHIFT OF PLAN7 OPC:RATIO'l) (WliJRS).
TDD : TCTAL DA1:Y D~YING CAPACITY OF TAE JFY~~S ?R~S~~T:Y

USBD iITHIN ~~E 5!RVICE \ilEA OF T~! ?LANT{CU.~/D~!).

T!)E~ : TCTA: DZPPEG,\TIO!l COST PER YEAR (1101;;;;Y em I")
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C TE~N DAILY MINI~On TE~PESATURE 0 C, EXA~PLE 25.7 0 c.
C TF.MX DAILY ~AXI~UM TE~?ERATURE 0 C, ?XA~PLE 30.5 0 C.
C TP: 7I~E EFFICIENCY OF SOLAR RADIATION UTILIZATION (DECIMAL)
C TH : TEMPERATURE OF DRYING AIR, (0 C).
C TIP: TOTAL IlITEREST PAYMENT PER YEAR ([!ONEY UnIT)
C TPLA : TOTAL AREA NECESSARY TO SET UP THE DRYING
C PLANT (RECTAR~.

C ~REV(J): YEARLY REVENUE E.iR:llm (~ONEY UNIT)
C TIP : TOTAL TAX PAY~ENT (~ONEY ijHIT)
C UCOST (,1) : ENERGY COST OF GRAIN DRYING ONLY (MallEY/CU. II. )
C UPC UNIT PRICE OF CC~CRETE S7!lOCTl1RE (PLA'HORM) (1I0N./SQ. M)
C UPD UNIT PRICE OF TEE DRYER COMPLETE WITH ALL DRYING
C COMPONENTS AND INCLUDE FREIGHT AND INSTALLATION COSTS
C (MONEY UNIT/CU.M./HR)
C UPL : UNIT PRICE OF LAND (MONEY UNIT/SQ.~ETER)

C UP~: UNIT PRICE OF ~LECTRIC ~OTOR (~ON~Y U~IT/KW)

CUPS: UNIT PRICE OF STORAGE STRUCTURE (~ONEY UNIT/CU.~ET~R)

C UTCST(J): aNIT COST OF GRAIN DRYING (aONEY/CU.M.)
C VCOST(J): YE~_ELY TOT~!. '!!E.!~BLE COST (/iONEY UNIT)
C II (I,Jl : HISIORICI\L WOE!l:-NO WORK DAYS (1-0)
C WI (I,J) : DAILY l/IND SPEED(HISTORICAL), (KPH).
C WIND: DAILY IiIND SPEED, (KII/BR). EXA!'!PLE 5.6 KPII••
C IiF: NO Of SHIFTS OF PLANT OP~RATION PEB DAY, EACH SHIFT
C CONSISTS OF TO HOURS.
C X : DEPTH OF GRAIN I~ THE DRYER (~ETER)

C Xl: DEPTH OF GRAIN TO BE USED IN SUNDRYING (METER)
C XLOCA : LOCATION PARAMETER OF THE FITTED DISTRIBUTION.
C XC : ''lISCELLANEOUS COST, OECI!'1!L OF TOTAL VARIABLE OR
C OPERATING COST OF THE PLANT(DECIMAL).
C XP31 MEAN PErCE OF GRAIU EL!VATOR~IT~OUT ~OTOn) AT ~!SS

C TiiAN OR EQU 1\L TO eEL (JONEY UNIT)
C IPE2 : ~EAN PRICE OF GRAIN ZLEVATOa(IlITHOU'r ~OTOR) AT
C GREATER THAN CBL(MONEY UNIT)
C xsus (J) : YEARLY TOTAL AMOUNT OF GRAIN READY ro STORE tcu.a.:
c YCtJP (J) : !'lEAN CAPACITY UTILIZArION OF rHE ?LANT
C DURING PLANT. :,,)PEP.!~ION.
C YGL(J): YEARLY G:AIN ~OSS (l"ONEY un':")
C YGLOS(J): YEARLY GFAIN LOSS INCLr.JOING STORAGE LOSS(~.U.)

C YGLT : ~OTAL GRAIN :OSS(EXCEPT PROCESSING ~ND ~ANDLI5G

C LOSS DORING ENTIRE L1PE 01' T:lE ?L:"NT{~ONEY TIN IT)
C YSU~G(!,J): YEARLY TOTAL DEY GRAIN ?EADY TO STO!!E(CU.~.)

C YY: ~EAN PERCENT OF tOTAL AREA TO BE HARVESTED DURING
C PEAK HARVEST, (02CI~AL).
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C

arOCK DATA
COMMON /AA/lDATE (12) , :IDA Y(12)
CO~!lOI: /CC/XLOCA(12) ,5C1\L1::(12) ,SHAI?E(12)
DA~A IDATF./O.J1,59,90,120,151,181,212,243,273,304,334/
DATA ~DAY/31,28,Jl,JO,31,30,jl,Jl,30,31,30,31/

DATA X~CCA/24.9499,O.0,21.3445,0.O,O.O,28.300d,22.9514,

.27.4519.27~365,O.O,O.O,21.1176/

DATA ;'CA~S/O.6g64ti3,25.958,5.7J268,23.7535,2g.40a,u.523223,

.5. 13038, O. 596;'43, o. 5553 87,27.4178,26.13475,4. B1893/
JATA 5UA?!/Q.O,23.7B95.4.65088,32.6476,29.1899,J.u,S.29442,
.o.o.o.a,33.008~,29.2B8~,4.28437/

E:ID
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C

C ************************************.*********••••**********
C
C

DA~A Al/2250.0/,AJj25.0/,A4/S0.0j,ACH/500.0/,AIP/O.05/
DATA AMOj20.0/,BRKjl00000.0/,Clj250.0/,C2/110.0/,C3/15.0/
DATA CBL/10.6/,CTAX1/0.25/,CTAX2jO.35/,DDG/572.26/,DR/37.0/
DATA DSC/579.0/,DSEED/60768.DO/,DWG/642.54/,SLL/3.05/,FE/l.1/
DATA PL/500.0/,FM/14.0/,GI~/26.0/,GXM/30.0/,ffQL/O.005/

DATA IFY/58/,IP1/232/,IF2/311/,IL1/274/
DATA IL2/355/,KPD/l/,KSD/l/,KSY/1/,KWD/l/,LY/84/,~T/l0/,M212/

DATA H3/2/,N/25/,NOS/2/,NOYR/15/,OSP/T.1305j,Pl/3.25/
DATA P2/1.0/,P3/2.025/,P4/5SB.J2/,P5/725.096/,PEL/490.0/
DATA PI/36.228/,PIP/O.02/,PIN/O.14/,PIN1/0.14/
DATA PIZ/O.291/,PMO/12600.0/,PEI/O.26/,PRT/3.57/,PT3/0.03/
DATA PTW/O.5/,Ql/35667.2j,RljO.11/,RNj5,O/,RN1/5.0/
DATA HNTL/O.2/,STR/O.Ol/
DATA SVC/O. 15/,SVD/O. 15/,SVE/O.15/,SVS/O.15/.TD/B.O/
DATA TDD/O.Oj,TH/BO.O/,UPC/65.5/,UPD/35905.56/,UPL/17.5/
DATA UPM/1515.B/,UPS/327.5/,i9/2.0/,IC/O.005/
DATA XPE1/4062.57/,XPE2/4691.99/,YY/O.6/

C
C
C SEE POR MORE DATA IN THE BEGINNING OF THE APPROPRIATE
C SUBROUTINE SUBPROGRAMS BELOW.
C
C •• *•••••••• *•••••••••••• *•••••••••••••••••*••••••••****•••••
C
C

CO'"ON /AA/IDATE(12) ,UDAY(12)
CO~"ON /BB/TA(365,15) ,RA(365,15)
CO~~ON /CC/XLOCA(12) ,SCALE(12),SF.APE(12)
CO~MON /DD/DGRAIN{365,15),DLOS{365,15)
CO~~ON /EE/COST(365,15) ,DCOST(J65,15) ,PLNT(J65,15),

*DPLS (365, 15) ,CSL(365, 15) ,OPS (365, 15)
ceMMO/! IFF/FMCG (365, 15) , DFGF.N (365, 15) ,COSl1 (365, 15)
CO Il~ON /GG/!!'!ORK (365,15) , GRAIN (365,15)
CO~~ON /HH/ISUN(365,15)
COI'lI!ON /R!l/Kl (15) ,K2 (lS)
COIlI!CN /OO/FGRN(365.15)
COI!l'!ON /PP/FGRNP(365,15)
COMIION /IT/PLO(3b5,15),;LO(365,15)
CO,1l'ION /SS/AOIl (365,15)
COMMON /IlW/T(365,25) ,H(365,25)
COMMON /ZZ/IIlIND(365,15)

c
c

DI1i'.:NSIOJ 5(365,25) ,\/(365,25) ,PROBS(365,4),
4< PRO EW(36 5, 4) ,?!WBWI ( 365, 4) , WI ( 365 , 25) , YSUl!G(15) ,
"'I:'0(15) ,YCUP(T5) ,IHD (l5) ,I!'ULL(15),
4<CED(365,15) ,QF(J65,15)
4<, FLOS::; (365,15) , rco sr (365,15) , QFF (365, 15) ,CUP (365,15)
*,CCS!"(365,15) ,'{COST(15) ,i"CN(15) ,YGL(1S) ,YGLOS (15)
.. , GSU'!(365, 15) , SUf'!G (2,15) ,51 OS (2, 15) I CS:'OS ( 15) , TCO ST ( 36'5, 15)
*,:lEV(2,15) ,TEEV(15) ,COG(365,15) ,TCG(l5) ,CR'l(15) ,CTF(15~

'* ,GCOST ( 15) , XSU:1 (1 5) , [JCCST ( 1r;) , UTCST (15) , SA V {365, 15}, r; SA V (15)
*,Fi.C~X(365, 15) ,GCaSTP(15)

C
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C
C *********************************~***********************.**

C * *
C * PART I : SPiV '*
C * •
C * SIMULATION PROGEAI1 FOE WEATHER VARIA9LES *
C * *
C ~************************************.***.*****************.
C

C~Ll !:!T1 (~I,S.'I.PROBS)

C~LL !N~l(N.W.H.PROBW)

DO 18 J= 1. N
DO 19 1=1.365
WI (I .J) =9999.0''1 CONTINUE

le COllTINUE
50 CONTINUE

READ (10.100. END=20 0) IYB. 110N.IDAY. TEMN, TEl!lX, !{[J!!,
-RAIN.SOLAR.WIND

100 POR~AT(lX.I2.1I.12,lX.I2,SX.P4.1,lX,?4.1.1I.P5.1.1X.PS.1 •
• lX,F5.1.1X,F5.1)

IF(MOll.EQ.2.AND.IDAY.GE.29) GO TO 50
AVTEl!l=(TE~N+TEKX)/2

IF (SOLAR.GT.Cl.AND.RAI!I.LT.RN) GO TO 60
SUN=O.O
r;o TO 70

60 SUN=1.0
70 CO!IT!NUE

IP (SOLAR.GT.C2.AND.F.ll.1N. L':'.P.Nl) GO TO 80
WC?K=O.O
GO TO 90

'I:) IiOPK=1.0
'10 CONT rxn E

IF {WI:IL'.GT.C3} GO TO 95
.nlDY=1.0
:;0 TO 87

86 iiINDY=O.O
37 CO~'II!!U:;

i':;)ATF.:IDATE (~Oll) + i!lAY'
I.'! P=IYR - IFY
T(KDATE.LYR)=AVTEM
H(KDATE.LYR)=HU!!
S(K!lATE.LYB)=SUIi
W(KnATE.LYR)=WO~K

WI(KDATE,LYR)=WINDY
IF'{IYP..IT.LY) '>0 TC 50

201) CaNTINUE
CAll 3PEAK(N.S.PROBS)
c.\LL o:'.BK{N.IJ.PiWBW)
CALL SDEAK(N.WI.PROBWI)

C T31S P~RT OF fHE PROGF.AM ~S FOR G~NERATIOS OF TWO
C SrA~E CONDITIONS. THAT IS SUN-NO SON AN~ HARVESt-NO HARV!ST
C AND ~O WIND-WIND STATES AS I~DICATED ~Y i-O

CALI. S~lT!(~O!?DSE!D.??09S,!SUHl

CA ..1. sr AT! (NOYR, OS E:: D. P~(;2 \I , III0EKj
C,:: S~lTS(NOYR.DSE~D.?R02~I.I.INDl

If(K:;~.EQ.l) GO TQ 299
CUI. i;N'i"H (NOYa)
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299
C
C
e
C
c
c
e
C
C
c

399

210
110

,25

410

312
]10

GO TO 399
CA LL HT!! (!fOIR)

$****************************¥**~***********~****.**********

$ *
* PliRT II : SPGDIl *
* ** SIMULATIon PROGRAM FOR GRAIN FLOW,DRYING *
.. AND iiAlil\GE8ENT 4:

* *
***.**.*********************~*******************.***********

CAll YGRN(NOYH,KPD,TDD,PTW,YY,GX~,GI~,IF1,IF2,IL1,IL2,

*ACH,PHT,PRI,M1,ISD,INN)
CAll PHGRN(NOYR,Tn~,FM,FMC»

eA1L GLOSS(NOYR,PI,P4,?5,Da,WR,GIM,GX~,FM,TA,GRAIN,D>RAIN,

*SHe,DDH)
IKi(=O
DO 110 J=1,NOYR
IKK=IKK+K1 (J)+K2(J)
DO 210 I=1,365
can (I,J) =0. 0
QF (I,J)=O.O
COSTINUE
CONTINUE
IDH=(IL1-IP1) + (IL2-IF2) +2)*NOYR
?SUN=(ISD*100.0)/XDH
?HAF.=(IKK*100.0)/IDH
20=P 1
DO ]10 J=1,NOYR
DO 410 1=1,365
IF (DGRAIN(I,J).EQ.O.O) GO TO 410
DG1=DGRAIN (I,J)
TA1=TA(I,J)
IlA l=RA (I,J)
IF(RA1.LE.1.0) GO TO 325
3A1=1.0
CO:ITINUE
OI1=AO~ (I,J)
CALI EeOST(TA1,RA1,DR.TD.TH.DDG,DG1,P1,O~,AMO,Q1,QA,C~D1,A)

QF'(I,J)=QA
CZ:D (I,J) =CED1
CO!l'I!NUE
IF (M]. P.Q. 1) GO TO ]12
'12=J/MJ
K22=~!3*N2+1
IF (J.EQ. 1) co TO 310
IF (J.EQ.K22) GO TO ]12
(;0 TO ] 1 0
P1=P1+i?1*PI~

COliTI!:U:::
P 1=PO
IF(YSD.EQ.1) GO TO 199
CAL: CSD1(3JY2,:D,TE,'3,C1,?IN,PIl,?3,P4,?5,F~,~X!.J~~,~~,

*CnG,?I,P1,A~C,A1)

';0 TO 198
CAL~ C~D2(NCYF,7D,IE"J.Q1,2I~,PIX,?3,~4,?5,?!,~X~,~JZ,J~,

uDJG,2I,P1,A~0.Al)
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198
C
C
C

401

701

50'

162
163

301

CONTINUE
THIS PORTION OF THE PROG&A~ CALCULATES THE COST OF
DRYING OF PARTIALLY DRIED GRAIN BY THE ?LANT AND THE VALUE
OF LOST GRAIN DUE TO GRAIN FLOW PROn FARMERSo HOUSE
PO=P1
P:,\=P4
PlI=PS
00. 201 J= 1, NOYR
DO 301 1=1,365
FLOSS(I,J)=O.O
fLGSX(I.J)=O.O
fCOST(!.J)=O.O
QFF (1.Jj =0. 0
OPGRN (I.J) =0.0
TA1=TA (1~J)

a A1=RA (I. J)
PG=PGRllP (I. J)
Cll=FIlCG (I.J)
I?(FG.EQ.O.O) GO TO 301
H'(PLNT(I.J).EQ.DDIl.OB.DGllAIN(I.J).EQ.DDR) GO TO 401
IF(PLNT(I.J).GT.O.O.OB.OGRAIN(I.J).GT.O.O) GO TO 601
IP(FG.GT.ODR) GO TO 701
CALL ECOST(TA1.RA1.DR.TD.TH.DDG,FG.P1.CM.F~.Q1.QBA.COSTA.A)

fCOST(I,J)=CCSTA
QFF(I.J)=QBA
DFGRN(I.J)=PG
GO TO 301
Pl0SS(I.J)=FG$(P4+«P5-P4)/(GXM-FIl»$(GXM-C~»

sr.csx (I,J) =F(;
GO TO 301
FoXI= (F~-DOR)

CALL ECOST(TA1.RA1.DR,TD.TH,DDG,DDR,P1,CM.P~.Q1.Q9B,COSTD,A)

fLOS5(I.J)=EXX$(P4+«P5-P4)/(GX~-PM)l*(GXIl-C~)1

n.OSI (I,J) =EXX
FCOST(I,J)=CCSTB
'2FF (I,J) =QBB
JFG?:1 (I.J) =DDF.
GO TO 30'
H(PLNT(I,J).GT.O.O) GO TO 162
lEX:=(DDIi-DGRAI~(I,Jl)

GO TO 163
XEX=(DDR-PLNT(I,J) )
I~(FG.GT.XEX) GO TC 602
CALL ~~OST(TA1.RA"DR,TD,Ta,DDG,F(;,?1,C~.FM,Q1.QBC,COSTC,A)

fCC~T(I.J)=CCSTC

Q~l' (I,J) ='.2BC
DFG:lN(I.J)=FG
';0 ':'0 301
CALL ~COST(TA1,RA1.DR,TD,Trr,D~G,XEX,?'.C~.FM.Q1 • .2BD.COSTD,AI
F~CSS(I,~=(FG-IEX)*(P4+ «P5-P4)/(GXH-PM»$ (GZM-CM»
FLOSX(I,J)=FG-XEX
FCOST(I,J)=COSTD
QF!' (I,J)=QBD
DFGEll (!,J) :XEX
CO~:'IINUE

IF(:13.EQ.l) GO TO 377
1;2=·JrJ
r.22=1l3$~2+1
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IF (J.EQ.l) GO TO 277
IF(J.EQ.K22} GO TO 377
GO TO 277

377 Pl=Fl+Pl*PIN·
277 P5=P5+PI

P:J=P4+PI
201 CONTINUE

Pl=l?O
24=!?:1
!?5=l.'N

C THIS PORTION OF THE PPOGRA~ CALCULATES THE C0ST OF
C OPERATING FAN FOR ~OVING AIR THROUGH GRAIN DoaI3G DSYING

PQ=P2
DO 801 J=l,NOYR
DO 901 1=1.365
DG11=DGliAr:; (I, J)
Qll=Q1' (I,J)
DP 11=DPLS(I,J)
Q22=QI'S(I,J)
FG 11=DFGRlf (I ,J)
Q3 3=QI'I' (I, J)
CDSI' (I,J) =0.0
1P(DG11.EQ.O.0} GO TO 909
CALL CFAN(P2,TD.Ql1.nG11,COF1)
COSF (T,J) =COFl

909 IF(CP11.EQ.O.0} GO TO 907
CALL CI'AN(P2,TD.Q22,DP11.COF2)
COSF(I.J)=COSF(I,J)+COF2

907 If(PG11.EQ.O.O) GO TO 901
CALL CF~S(P2,TD,Q3J,PG11,COF3)

COSF(1,J)=COSF(I,J)+COF3
'101 CONT:NUE

IF(32.EQ.l) GO TO 836
N2=J/1I2
K22=1!2*N2+1
IF (J.EQ.l) GO TO 801
I?(J.EQ.K22) GO TO 83~

GO TO 801
336 ?2=P2+P2*PIS1
201 CONTINoE

_ TR1S ?ORTION OF THE PROGRAM CALCULAT~S THE ~AX!!~" A1~FLOR

C NECESSARY TO DRY THE GaAIN.
AFR1=0.0
AP'l3=0.0
.Hr.'5=:).O
;)0 1711 J=l.:iOYB
DO 176 1=1,365
L=I
:1=J
IF(I.EQ.365} GO TO 274
GO ':0 374

:?74 1=0
IF (J.:-lE. NOYR) 1i=J+l

J7!i AFR2=A'!AXl (QF (!,~) ,QF (L+ 1, '!»
AF?1=AI'AX1 (AfEl,AFR2)
H"!<4=.\'!AXl (';'FF (I,:!) ,;2'fF (Lt1 ,::n)
.;:!'3=A·~A:{1 (A1".13,AFP4)
AFat:=;\~~Ul (~FS (I,M) ,QFS (L+l ,;';»
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176
174

C
C
C

102
101

C

31
~1

104
103

C
C

203
204
106

10')

139

AFP.5=AMAX1(AFRS.AFR6)
CONTINUE
CONTINUE
APR=AMAX1(AFR1.APR3.AFRS)
P2=PQ
EH1=(SIiC/AJ)*FE
3H2=(DSC/A4)*FE
011= (GI1!+GIM)/2
CALL CEG(NOIR.TD.32.PIN1,EH1.EH2,P2,DDG,DIiG.DR,OM,F~,

*A'lO,PE1.PE3)
THIS PART OF THE PROGRAM CALCULATES THE TOTAL A~OUNT

OF DRY GRAIN TRAT NEED TO BE STORED DURING A DRYI~G

SEASON.
DO 101 J=l,NOYR
DO 102 L=i,i'iv:)
Sl1MG(L,J)=O.O
SLOS(L,J)=O.O
CONTINUE
CONTINUE
DO 103 J=l.NOYR
DO 104 1=1,365
THE FOLLOWING STATE~EHT INDICATES THE TIME SPAN BETWEEN
TiO STARTING PIONTS OP THE SUCCESSI~E HARVESTING SEASONS
IF'(I.GT.232.AlfD.I.LE.310) GO TO 31
L=2
GO TO 51
L=1
GSU~(I,J)=DGRAIN(I,J)+OFGRN(I.J}-DLCS(I.J}

*-HQ1*(DGRAIN(I,J} +DPGRN(I.J»
SUMG(l.J)=SUMG(L.J)+GSU~(I,J)

CONTINUE
CONTINUE
THIS PORTION OF THE PEOGBAM CALCULATES THE LOSS DUE TO
INSUFFICIENT STORAGE CAPACITY AND TOTAL ~EVENUE.

IF (l<'SY. EQ.2) GO TO 939
DO 105 J=I.NOYR
CS"OS(J}=O.O
T3 EV (J) =0.0
DO 106 L=1,I,OS
IF (SUMG(L.J).LT.DSC) GO TO 203
SLOS (L.J) = (SUIlG (L, J) -DSC) '" (OS?"'PS-P5)
CSLOS(J)=CSLOS(J)+SLOS(L.J)
REV(L,J)=DSC"'OS~*F5+(SUMG(L.J)-DSC)·i'5

GO TO 204
E~V(L,J)=SUMG(L.J) *OSP*PS
r?2V~)=TREV~) +REV(L.J)
CONTI~OE

P5=P5+?I
CONTINUE
GO TO 119
DO 129 J=l,NOYR
C5L05(J)=0.0
THEV (J) =0.0
1SU~G (,1) =0. 0
DO 229 L=l, NOS
YSU"S (J) =lSUMG (J) +SU!lG (L.J)
CONTI:-llJE
IF (YSUi'lG(J) .LT.DSC) GO TO 224
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224

129
11<)

C
C

195

19 ~

C
C
C
C

C
C

c
c
c
c
c

CSLOS(J)={YSUMG(J)-DSC) * (OSP*P5-P5)
TREV{J)=DSC*OSP*PS+{YSUMG{J)-DSC)*PS
GO TO 129
TREV (J)=YSUMG{J) *OSP*PS
P5=P5+!'I
CONTINUE
!'5=I?N
CALCULAT~ THE A80UHT OF GRAIN COULD BE SAVED BY
ESTABL1SHING THE DRYING PLANT.
KFD1=KP1H1
DO 190 J=1,NOYR
C)O 192 ! =1.365
SJ\V(I,J) =0.0
IP(GSAIR(I.J).EQ.O.O) GO TO 192
OM=AOM (I,J)
TAA=TA (I,J)
CALL SSLG(TAA.O~,S~

IX1=IFIX (5S)
XZO=SS-IX1
I!" (XZO.GT.O. 5) IlC1=IX1+1
IF (KFD1.GT.Ill:1) GO TO 193
GO "TO 192
SAV(I,Jl=GRAIN(I,J)
CONTI~UE

C03TINUE
GS,\VT=O. 0
PHL=O.O
')0 194 J=1,tlCYR
,;5 AV (J) =0.0
::0 195 I=1,365
·:;5 AV (J) =GSAV (J) +5A V(I.J) +FG2N:? (I ,J) -GLO(I, J,- DI.OS (I, J)

*-F LCSX (I .J) -HQL. (DGR AI ~ (I .J) +DFGRN (I, J) )
PRL=PHL+HQ~.{DGRAIN(I,J) +DFGRN(I,J»
CO NTINDE
~SAVT=GSdVT+GSAV{J)

CONTINUE

.*.***~~*****~~*****~**$~*~**$*$$***$*$$*$*.$$* •• $*.****$**.
* ** ?;\BT III : SI?FA *
* ** SIMULATION PROGRAM FOR FINANCIAL lUlUYSIS ...
* ...
•• **.********.**••*••••~*•••••••*.*.*••*.***.*••*.*** • •• ••••

!HIS ?OFTION OF THE PEOGBA~ CALCULATES THE SU~ OF 50~E

O?EPITING COST OF THE P~ANT AND TH! COST OF TH! ~RAI~.

DO 107 J= 1, NCYR
rC';(J) =0.0
DO 108 1= 1,365
011:1\011 (I.J)
TC03':r (I.J) =PLO (I,J) +CED (1,J) +COST (I,J) +CSL (I,J) +DC05T (I. J)

*+FLCSS (I,J) +FeaST (I.J) +COSF (I.J) +C05:1 (I,J)
cor; (I, J) =C',} i\ Ar x (I. J) '" P!I) +FGR~r:, (! I J) '" (P 4 + ( (I' 5-:'!I) I (011- F~ l ) *

.~ (0 :~-F~C:; (I,J»)
rc s (J) =TC;; (J) +CO:; (I, J)
CC ~'l':' :~,T u~

P5=p5+PI
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107

c
C
C

154

435
ns

72

71

33 ]

c

P~=i.'4+PI

COi;UNfJE
P4=P'1
P5=PN
THIS PORTION OF THE PROGRAM CALCULATES TOTAL VAJIABLE COSTS
, THE YEARLY GRAIN LOSS , THE DAILY' CAPACITY UTILIZATION
OP THE GRAIN PROCESSING PLANT AND UNIT COST OF GRAIN DRYING
P~OI=O.O

IGLT=O.O
YGLOS'I=O.O
Gl.OT=O.O
CSL05T=0.0
DO 71 J=" NOYR
IPO (J) =0
YCUP (J) =0.0
yal (J) =0.0
I?ULL(J)=O
GCOST(J)=O.O
AS UM (J) =0.0
VCOST(J)=CSLOS(J)
DO 72 1=1,365
VCOST{J)=VCOST(J}+~COST(1,J}

GCOST{Jj~jCOST(J)+CED(I,J) +COST(I,J)+DCOST(I,J) +FCOST (I,J)
*+COSF(I, J) +COSPI (1:, J)

XSUM (J) =X SUlI (J) +GSUM (I, J)
GLOT=GLOT+GLO(I,J)+~LOS(I,J)+FLOSr(1,J)

YG 1 (J) =YGL (J) + (PLO (I ,J) +CSL(I, J) +P'I.OSS (I ,J) )
CUP(I,J)=(DGRAIN(I,J)+DFGRN(I,J) +DPLS(I,J)/DDR
IP(CUP(I,J).GT.O.O) GO TO 154
GO TO 72
IPO (J) =IPO (J) + t
IP (CUP (I,J) .EQ.1) GO TO 436
GO TO 438
IFULL(J)=IFUlL(J)+1
YCUi.'(J} =YCUP(J) +CUP(I,J)
CO NTINUE
GCOSTP(J)=(GCOST(J}+(PMO+P~OI*(J-t»)

YGLT=YGLT+YGl (J)
VCOST(J}=(VCOST(J}+(pnO+PMOI*(J-l»)
YG10S(J)=YGL(J)+CSLOS(J}
?GLCST=YGLOST+YGLOS(J)
CSLOST=CSLOST+CSLOS(J)
tc llP (J) =YCU P (J) IIPO (J)
UCOST (J) =GCOST (J) /XSUM (J)
HiD (J) =Kt (J) +K2 (J)
!?~OI=AIP*Pl'\O

COSTUiUE
90 3'33 J=1, NOYR
VCOST(J)=VCOST(J}*(1+XC}
UTCST(J)=VCCST(J}/XSUM(J}
CO NTINUE
~);iCR=TD·WR

THIS PORTION OF THE PROGRAN CALCU1~TES TnE PRINCIPAL
COS~ OF .HE PLANT COjPONE~r

OR 1= (DR/Tn)
?D= (JF./rCl) *UFD
2SIi=51oiC*UPS
!'SD=9SC*UPS
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C CALCOLATE THE COST OF GRAIN ELEV~TOR

IF (DR1.GT.C8L) GO ~O 706
IP(EH1.GT.EL~ GO TO 606
EP1=XPE1
GO TO 607

606 EP1=XPE1+I?EL.(EH1-ELL)
607 IF (ER2. GT. ELL) GO TO 608

EP2=XPE1
GO TO 609 .

608 2P2=KPE1+PEL*(EH2-ELL)
GO TO 609

70r) IF(EH1.GT.ElL) GO TO 803
EP1=JCPE2
GO TO 802

803 EP1=XPE2+~EL.(EH2-ELL)

902 IF (EH2. GT. ELl) GO TO 807
EP2=XPE2
GO TO 609

~07 EP2=KPE2+PEl.(EH2-ELL)
609 PE=EP1t-EP2

I?(A~O.LE.FM) 11=0.0
PL=(A+A1+AJ+A4+FL)-UPL
PCS=(1+A1+A3+A4)·UPC
PEI11=PE1·UPM
PE~2=l'E3·UP!!

CPRL=(PD+PSW+PSD+PE+PL+!?CS+PEM1+PEM2)
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C CALCULATE THE PIlED COST OF THE PLANT CO!!PONENTS.
C CALCULATE DEPRECIATION USING CA2ITAL RECOVERY
~ PACTOH(CRP).

CRr=(FI·(1+RI)**NOYR)/«1+~I).*RO'B-1)

TDp.p=({pn-SVD*PD)+{PE-SVE.PE)+(PSW-SVS.PS.)+(PSD-SVS.~SD)

E+(PCS-SVC*PCS)+{(PEH1+PE~2)-SVD.(PE~1+PE~2»))*CRP

C CALCOLATE CAPITAL CONSU~PTIOH{DEPRECIATION PLUS INTEREST
C ON SALVAGE VALUE) ON PACILITIES AND EQUIPMENT.

CC=TDEP+(SVD*PD+SVE*PE+SV.3·PSi+SVS*PSD+SVC*PCS
~+SVD·(PE~1+PP.M2»)·RI

C CALCULATE TAXES.
TXP:(STR/NOYR+O.2S*PTB).CPRL

C CALCULATE INSURANCE COST
CI?:O.002S*(CPRL-Pl-PCS)

C CALCULATE SHELTER COST
CST=0.0075*(PD+PE+PEM1+PE32)

C CALCULATE LUBRICATION, REPAIR AND KAIN~ENANCE COST.
?INF=1.0
90 a1 J=1,NOYR
CRM(J)=O.02*(PD+PE+PEM1+PEM2)*PINF
PI NF=PINP. (1 +PIF)

e1 CONTINOE
C CALCULATE TOTAL FIXED COST.

)0 ss J=l,NOYR
CTF(J) = (CC+TXP+CIP+CST) +CR~(J)

8 ~ CO iaI~IOE

?sv=svn*PD+SVZ*PE+SVS*PS.+SVS*PSD
3+SVC·PCS+3VD·(PE31+P~M2)

c CA~CUIA7E YEIRLY NET CASHFLOW(iITU D!DUCTION OF
C CO~P03ITE TA~.

DO 197 J=1,NCYP.
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5T9

197
c
C

c

707
C

C
C

9~1

C

c

311

%1

362

571
?51

Fell (J) = ((TBEV(J) -TCG (J)) - (GCOSTP (J) +CTP (J)) -TDEP)
If (FCR(J).LE.BBK) GO TO 519
FCN(J)=((TREV(J)-TCG(J»)-(GCOSTP(J)+CTP(JJ)-TDEP) •

3(T-CTAX1) + (FCN (J)-BRK) *(1-CTAX2) +TOE?
GO TO 197 .
FCN(J)=((TREV(J)-TCG(J))-(GCOSTP(J)+CTF(J))-TDEP) *

s (1-CTAX1) +TDEP
CONTINUE
******************.****************************************.
CALCULAIE PRESENT VALUE
PVR=O.O
DO 707 J=l, NOYR
CA~CULAT£ PRESE~T VALUE OF YET CASH PLO~.

?VR=PVR+(FCN(J)/((l+Rl).*J))
CONTINUE
CALCULATE peESENT VALUE 07 PLANT SAtVAGE REVENUE
PV SR=ElSV/( (1 +RI) "NOYR)
RNT=P.NTI * (A +A 1+A3 +A4 +FL)
TPLA=(A+Al+A3+A4+PL)/10000.0
TPLS=A 1110000.0
PV RNT=O. o
CALCULATE PRESENT VALUE OF LAND COST(OPPORTONITY COST
OF LAND:BENT OP LAND)
DO 941 J=l,NOYR
PVRNT=PVRNT+BNT/((1+RI)••J)
CONTINUE
V10=PL*(1+RI)··UOYR
PVL=VLD/ ((1 +R1)**NOYR)
CALCULATE SET PRESENT VALOE OF THE ENTIRE PROJ~CT.

PVCI=~VR+PVSR+PVL-PVRNT

PVN=PVR+PVSE+PVL-PVRNT-CPRL
DCR=(PVR+PVSB+PVL)/(PVRNT+CPRL)
~****.**.*.*******.***.**.******.**.****.*.* •••••****.******
WRITE (11,811)
PORMAT(14,'YEAa',2I,'VARIABLF COST',3X.'FIXED COST',~X,

*'GRAIN COST',~X.'REVENUE',6X,'GliAIN LOSS')
WBI'I?(11,573)
FO HI!!IT ( 11J(, , PESO' , 11X, '? ESO' , 11 X. ' PESO' • 9X. 'P ESO ' ,

.10 x, 'PESO')
DO 950 J=l,NOYR
ImlTE(11,1350) J.VCOST(J) .CTF(J) ,TCG(J) ,TREV(J) ,YGL(J)
"O?~AT (2X,!2,5 (F'n.2»)
CONTIN'JE
IIR I'IE( 11 , 861 )
POa~A~(1J(,'YEAR',2X,'HARVESTING',2X.'PLANT IN OP~RATION'

*,2X,''!\VERAGE PLANT CAPACITY'.2X,'PLANT IN FULL')
WEII":':(11,562)
PQRMAT(11X,'DAYS',12X,'DAYS',13X,'UTILIZATION',8X,

.'CAPACITY,DAYS')
;)0 951 J=l, NOY::
;,rPI::E(11,571) J.IH!J(J) ,IPO(J) ,YC!l!?(J) .IFULL(J)
:OP~AT(2X,I2,8Y.,l3,12X,!3,16I,F5.2,16J(,r3)

CONTI!lUE
:lR lorE (11,690)
~}E~AT(TX.'YEAE',JX,'G~AIN SAVED ~Y 3STA8LISHING',

*JX,'CCST OF DfiYIYG',3X,'ENE&GY COST 0F DRYING')
;;3 'ITE (11,979)
ro ?:lA'.:: (1 ox, 'TH::: P.i.AST (Cl.M ETEP.) , ,11:<, • PESO/CU.a, • ,



17 14:41:12 9 JUL 85

172

>:<13 X, 'PESO/CU.!'!. ')
DO 669 J=1,NOYR
WRITE(11,69B) J,GSAV(J) ,UTCST(J),OCOST~)

698 POH8AT(2X,I2·,91,F10. 2, 141, F10.2, 14X,Fl0.2)
669 CONTINUE

WRITE(11,721)
721 PORMAT(lX,'YEAR',2X,'DRY GRAIN TO EE STORED IN'

*,3X,'DRY GRAIN TO BE STORED IN',3x,'NET CASH FLOW')
liB ITE (11,722)

722 FOH~AT(10X,'THE 1ST S~ASON(CU.~.) ',5X,
.'THE 2ND SEASON (CU.II.) ',7X,'PESO')

DO 723 J=l,NOYR
IORITE(11,69B) J,SUHG (1,J) ,SUHG(2,J) ,FCN(J)

723 COMUNUE
ilBITE(11,551) CPRL

551 ~ORIIAT(2X,'PBINCIPAL COST OF THE PLANT(PESO)=',F15.2)
'ilRITE(11,451) PVN

~51 FOB8AT(2X.'NET PRESENT VALUE(PESO) =',F18.2)
'ilRITE(11,452) BeB

452 PORIIAT(2I,'BENEPIT COST RATIO =',P7.J)
'ilRITE(11,556) pvcr

556 FORIIAT(2X,'PBESEHT VALUE OF NET CASH INFLO'il(~ESO) =',F14.2)
liXITE(11,222)

222 FORl'!!T(2X,'TOTAL GRAIR LOSS, EXCEPT PROCESSING AND')
liRITE(11,223) YGLT

223 FORMAT(2X,'BANDtIHG LOSS(PESO) =',P15.2)
iRITE (11 ,222)
WRITE(11,22~ GLOT

226 PORMAT(lX,'HANDLING LOSS(CU.~) :',Pl0.2)
WRITE(11,225) PHL

225 FORMAT(2X,'PROCESSING ~SD HANDLING LOSS(CU.~ =',Fl0.2)
llRITE(11,227)

227 FOR~AT(2X,'TOTAL GRAIN SAVED BY ESTABLISHING')
liBITE (11,228) GSA VT

228 POR~AT(2x,'TBE PLANT(CU.~) :',F10.2)
\lRITE( 11, 221)

221 FOR~AT(2i,'REVENOE LOSS DUE TO LI~ITED STORAGE CAPACITY')
IlRlTE(11,230) CSLOST

?30 FOR~AT(2Y,'OP THE PLANT DURING ITS LIFE(PESO) =',F15.2)
liB ITE (11 ,555) DSC

555 FOB~AT(2X,'STORAGP. CAPACITY FOB DRY GRAIN(CU.M) ='.r8.2l
ilBITE(11,453) SiC

~53 FOR"AT(2X,'STORAGE CAPACITY FOR WET GRAIN(CU.~) =·,F8.2)
I1RITE(11,661) DR

061 FOR~AT(21,'DRYING CAPACITY OF THE PLA~T(CU.M/8 HRS) =',F7.2)
\'lSI'!'E(11,Q54)

~5~ FORMAT(2X,'TYPE OP DRYER = EATCH OR CROSS-PLOW')
~RITE(11,552)

55~ FORMAT(21,'CONTINUOUS DRYER ')
WEITE(11,88B) PSUN

'388 PO[l[~AT (2X,' SONNY DAY DURING P.ARVESTI:IG SEASONS ("!) =', rt , 2)
IIRITE(11,889) PHAR

389 FORMAT(2X,'HARYEST DAY DURING P.ARVESTING S~ASOnS(~) =',F7.2)
IlRITE (11,887) INN

387 ?ORMAT(21,'TOTAL NO SUS-NO SUN SE2UE~CE DURING ~.SEASONS=',I7l

I/ElITE(11,664) rEi
6<;11 FOP.~A'l'(21,'D~YlilG AIR T::llP;;;RATURE(O C) =',F7.2)

:lRITE(11,455) AFR
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F08:iAT (2:<,' ;1AXHIU:1 ABFLOIt RATE (CU.;'/SQ.I1/S) =' ,":'7. J)
WRITE(11,662) D1108
FORMAT(2X,'DAILY MAXIMU~ PLaNT OPERATING HOURS (HR) =',F6.2)
W8ITE(11,663) A110
PORMAT(2X.'DBY GRAIN PARTIALLY TO',F7.2,'% 110ISTURE(DB) ')
"RITE(11,763)
POhMAT(2X,'ToTAL AREA NECESSARY TO SET OP THE PLANT,')
WRITE(11,456) TPLA
FORMAT(2X,'INCLODING AR!A FOR SUN DRYING(UECTAR~ =',F1.3)
;/R rTF( 11,777) TPLS
FORMAT(2X,'AREA NECESSAPY PDF SUN DRYING(HP.CTI\RE) =',F7.3)
arUT?(11,764)
pOal1AT(2X,'SERVIC! laEA OF THE PLANT(ACTUAL ~EAN')

WRIT£(11,765) ACH
FORl1AT(2X,'PRODUCTIVE LAND) (HECTARES) = ·,Fl0.2)
STOP
END

*••••••******••**.*••••**.*.**••••••••••***.*•••*••**.*••***
SUBROUTINE INTl (N,R,R1,PROB)
SUBPOUTIKB FOR INITIALIZATION OF MATRICES
DII1ENSION R(365,25),PR08(365,4) ,R1(365,25)
DO 100 J= 1, N
DO 50 1=1,365
R(I,J)=9999.0
81 (I,J)=9999.0

51) CONTINUE
100 CONTINUE

DO 200 1=1,365
DO 150 J=1,4
PliOB (I,J) =0.0

150 CO N'IIHUE
200 CONTINUE

aETIJRN
ssn

1+55

562

663

763

~56

777

7C4

76'i

C
C

C

C $*.******.*******•••******.**************.******************
SG2?GUTINE BREAK(N,P,PROB)

C SUB200T1ME FOB CALCULATION O~ ~ABKOV

C :2~NsrTION PROBABILITIES.
CL~ENSION R(365,25),PBOB(365,4)
DO 60(l I=l,N
DC 500 J=1,365
L=J
~~= r
1f(J.EQ.365) GO TO 10
';0 TO 20

10 1.=1)
I=(I.~":.ll) ~I=r + 1

20 l?(u(J,I).EQ.9999.0.0t.3(L+l,~).EQ.9999.0) GO TO 600
::~(F(J,I).EQ.l.0.AlID.!i(L+l,:1).ZQ.1.0)GO TO 100
IF(R(J,1).NE.1.0.AND.R(!.+1,!'!).EQ.1.0) GO TO 200
IP(R(J,I).~Q.l.0.AND.R(L+l,~).NE.l.0)GO TO 300
I?(F(J,I).NE.l.0.AND.5(L+1,1l).NE.l.0) GO TO 400

10~ ?P.OB(L+l,1)=PR09(L+l,1)+1
~;O TO 'i00

"01) "ROE (L+l ,2) =PROB (l+l ,2) +1
r:o ~o 'i00
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300 PROB(l+1.3)=PROB(L+1,3)+1
GO TO 500

~OO ?ROB (1.+1,4) =PROB(I.-l-1,4) +1
500 CONTINUE
600 CONTINUE

C CALCULATE MARKOV TRANSITION ~ATRIX

DO 700 1=1,365
SO~=O.O

SUM=PROB(l.1) + PROB(l,3)
IF (SUlI.EQ.O.O) GO ro 650
P30B(I,1)=PROB(I,1)/SO~

PROB(I,3)=1 - P?OB(I,l)
650 SUl'I=PROB(I,2) + PBOB(I.4)

IF (SUIl.EQ.O.O) GO 'IO 700
PdOB(I,2)=PROB(I.2)/SU!
PRCB(I,4)=1 - PROB(I,2)

100 CONTINUE
BE'lURN
END

C
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••*.

SUEliG~TIHE STATE{NOYR.DSEED.PROB,ISTATE)
C SUBROUTINE paR DETER~INATION OP TWO STATE CONDITIONS SUCH
C AS ~UN-NO SUN. HARVEST-NO HARVEST,NO WIND-WIND AS ~nIC~TED

C SY 1-0. YEAR NO. 1 MEANS THE BEGIHING OP THE 1ST YEAR.
DIl'IENSION PROB(365.4) ,P(2.2) ,ISTATE(365,15)
DOUBLE PRECISION DSEED
DSEF.=DSEED
R=GGUBFS (DSEED)
1S=11+1.5
DO 300 J=1, NOYR
DO 200 1= 1 , 365
:> (1,1) =PROB (1,1)
.? ( 1,2) =PIWB (1,3)
P(2,l)=PROB(I,2)
!.' (2,2) =PROll (I,~)

~=r;GUBFS (DSEED)
IF (E.GT.I?(IS,2) GO TO 40
1S=2
ISTATE (I,J) =0
GO TO 200

40 IS=l
ISTATE(!,J)=l

200 CONTINUE
300 CO:lTINUE

osESD=DSEE
?E'IUEN
END

c •••••••••••••••••**.**••••****•••*••**•••••••••••••••••*•••*
SUBROUTINE GNTH(NOYR)

C TillS IS AN OPTIONAL SUBROUTINE.
C THE P~O~P.A' FOR ~EUERATION OF DAILY AVEaAGZ TE~?ES~~UaE

c A11J RELA7IVE HUMIDITY OF A~!JrE!!T ;'.IP..
COMIlCN /i\A.jIDATE(12) ,:1DAY(12)
COM~ON /!J8/~~(365,15l,RA(365,15)

C0~:~CN /CC/XLCC\(12} ,:;'::UE(12) ,:'H1\<'£(12)
c G2~E~AfE DAILY ~E~P~RATUE£ AND RELA:I1E HU!IJI~7 o~ Ar~
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DOUBLE PRECISION DSEED
DSHD=123457.DO
DO 250 J=:1,NOYP.
DO 450 I= 1,3'65
TA (I,J) =0.0
RA (I,J) =0.0

U50 CONTINnE
250 CONTINUE

0.0 200 J=1,NOYR
DO 8 00 "I0N= 1 , 12
1/= !lDAY PION)
X=XLOCA (~ON)

B= SCALE (~ON)

A=SHAPE(l'lulI)
DO 700 1=1,11
KDATE=IDATE(MON)+I
IF (1'I0N.::Q.l.CR.1l0N.EQ.6) GO TO 500
IF (MON. EQ.8. OR.eos, EQ. 9) GO TO 500

C THE FOLLOWING STATE~ENT GENERATES DAILY TE!lPERATURE WEIBULL
C ~EIBULL DISTRIBUTION (PREVIOUSLY PITTED AND TESTED)

oJ05 R=GGUBFS (OSEED)
I?(R.BQ.0.O.OR.R.EQ.1.0) GO TO 405
T~1=X+B.((-ALOG(1-B» •• (1/A»
';0 TO 550

500 CONTINUE
C THE FOLLOWING STATEMENTS GENERATE DAILY TEIlPERATURE PROM
C LOGISTIC DISTRIBUTION (PREVIOUSLY FITTED AND TESTEO)

505 R=GGUBPS(DSEED)
IF (R.EQ.O.O.on.a. EQ.1.0) GO TO 505
TA 1=X+E'" (-.nOG ((1/R) -1) I

550 rA(KDATE,J)=TA1
IF(MON~GE.2.AND.~ON.LE.4) GO TO 300
IF (1l0N.GE. 5. AND.110N. LE. 10) coeo 350
CALL RUllI/A (TA1,RA1)
GO ':0 1.00

300 CONTI!lUE
CALI "U~NB(TA1,RA1)

:;0 TO ~OO

150 CC!lTI~UE

CALL HU~MO(TA1,RA1)

400 RA(KDATE,J)=RA1
700 CO:-lTIllUE
BOO COllTIN!J~

200 CONTINUE
rE'IURlf
END

c
c *• •••••••••••••••••* •••••••* '" .*'" •••••••••••

SUBROUTIN~ HUMNB(TA,RA)
C SUBROUTINE FOR GENEnA~rON OF RELATIVE HUMIDITY OF AIR
C FOR ~HE MONTHS OF FEBRUARY TO AHarL,USING REGaESSIOH ~OUSL

C BASED ON HISTORICAL WEEKLY DATA
DATA Cj39.53/,D/l022.30j
~= (C+DjTA)
:U=':/10Q
P:;:UR~

:=:N ~
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c ************************************************************
SUBROUTINE HU~MO(TA,RA)

C SUBROUTINE FOR GENERATION op RELATIVE HUMIDITY OP AIR
C Fon TR~ BONlHS OF HAY TO OCTOBER,USING REGRESSION MODEL
C BASED ON HISTORICAL WEEKLY DATA.
C C,D ARE REGEESSIOH COEPFICIENTS.

DATA C/185.82/,D/-3.699Q/
Z= (C+D*TA)
RA=Zj100
RETURN
END

c ~***************.**************.*****************.****.*****
SUBROUTINE HGMUA{TA,RA)

C SUBROUTINE fOR GENERATION OF RELATIVE HUMIDITY OP AIR
C FOR LrtE 50NTHS OF NOVE~BER, DECEB8EH AND J~NU1RY,

C USING REGRESSION HISTORICAL MODEL BASED ON WEEKLY DATA.
OAT! C/115.31/,D/-793.5Q/
Z= (C+D/TA)
RA=Z/100
RETURN
END

C
C ~.***~••*.*.***••**••••**••*.*••~*••******.****.*******.****

SUBROUTINE HTH(NOYR)
C SUBROUTINE FOR USE OF TE~?& UU~IDITY DATA DIEECTLY PRO~

C HISTORICAL DATA,ASSUaI~G TEMP.~ HU!IDITY WItL BE S~E AS
C IN THE PAST.

COMBON /BB/TA{365,15I,~A(365,15)

COI1MON /iW/T(3f'S,25) ,11(365,25)
DO 200 J=1,NOYR
DO 300 I=1, 365
TA (I,J)=O.O
liA (I ,J) =0.0
TA (I.J) =T (I,J)
RA (I,J)=H(I,J)/100
IF(RA(I,J).GE.l.0) RA(I,J)=O.~8

300 CO ,ITINUE
200 CONTINUE

RETURN
END

C
r **.*.*.********.******~*.***.**.***************•••**••*.***.

5UBP.OUTIN~ YGRN(NOYli,KFD,TDD,PTW,YY,GX~,GIM,IF1,IF2,IL1,rL2,

*ACH,Pr.T,P~I,~1,~SD,INN)

C T9E SUBBOUTINE POR GRAIN INFLOW TO THE DRYING PLINT
COIUiON /GG/IWORK (365,15) ,GRAIN (365, 15)
CO~MON /HH/ISUN(365,15)
COM~ON /OO/FGRN(365.15)
COI1I1CN /RRjK1(15) ,K2(151
COI1~ON /SS/1011(365,15)
CC~~CN /ZZjIWIND(365,lJ)
DIrlENSION DHi365,15)
DI~::NSIO~ NP(15) ,NH1 (15),~?1(15) ,IIH2(151 ,1/1:'2(15) I*" z,1 (15) ,1\12 (15)
JOaSLE ?R3CISIO~ CS~~D

nSEJ=123457.:JO
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DO 569 J=1,NOYR
DO 669 I=1,365
L=I
~=J

1F(1.EQ.1.AND.J.EQ.1) GO TO 669
1F(IWIND{I,J).EQ.O) GO TO 269
GO TO 569

269 IF (I.EQ.l) GO TO 169
GO TO 769

16<;1 L=366
M=J-1

769 1WOFK(L-1,M)=1
669 C08'IINUE
569 CONTINUE

15D=0
1IIN=O
DO 6·10 J=1,NOYR
Kl (J)=O
1<2 (J) =0
DO 710 1=1,365
L=1
M=J
IF (1.EQ.365) GO TO 20B
GO TO 207

~08 t=O
IF(J.NE.NOYH) :!=J+1

207 CONTINUE
C THE FOLLOWING TWO 5TATE~ElITS DEFINE THE PERIOD 01"
C ~AHVESTrNG SEASONS PEP. YEAR.

IF (I.GT.1P1.AND.I.LT.ILl) GO TO 910
::P(I.GT.IF2.ANO.L:'::.IL2) GO TO 911
GO TO 710

910 CONTINUE
IF {ISUN (I,J) .EQ.l: 1SD=ISD+l
Il" (ISUN (I, J) • =:Q. O. AND. rsus (L +1,~) • EQ. 0) INN=I NN+ 1
IF(IllORK(I,J).EQ.O) GO TO 710
K1 (J)=K1 (J) +1
GO 'IO 710

911 CONTINOE
IF (ISUN (I,J) .EQ.1) I50=ISD+1
Il"(ISUN(I,J) .EQ.O.AND.ISUN(L+l.:1).EQ.O) 1NU=INII+l
IP(IWCR~(I,J).EQ.O) ~O ro 710
1\'2 (J) =K2 (J) + 1

710 CONTINUE
1)10 CONTT11fJE

DO 100 J=l,NOYR
Tlll=PTll*Kl (J)
NP(J)=IFIX(TW1)
TH1=(K1 (JI-TW1)/2
N!I 1 (J) =IPIX (TH 1)
IIX=K1 (J) - piP (J) +2*N!l1 (J) )
NFl (J)-=tiP(JI+NX
TIl2=·PTll*f:2 (J)
!l!? (J) =I?IY. (TIl2)
TH2=(K2(J)-TW2)/2
:IH2 (J) =IFIX (TH2)
';){=!<2 (J) -(NP (J) +2*!122 (J»
i/?2 (J) =!IP (J) +1Il{
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100 CONTINUE
TAB=ACH~YY

TA=(ACH-TAB)/2
DO no J=l,rtOYR
IlN=O
M!'l=O
DO 210 1=1,365
AO"l ( I, J) =0. 0
DH(I,J)=O.o

c rUE FOLLOWING TAO STATE!ENTS DEF1~E T~E PE2IOD OF
C HAnVEST1NG SEASONS PER YEAR.

IP(I.GT.IP1.AND.I.LT.IL1) GO TO 810
1F(I.GT.IP2.AND.1.LT.IL2) ~O TO 811
GO 'XO 210

910 IF{IWORK{I,J).EQ.O) GO TO 210
!l=GGUBFS(OSEED)
AOM{1,J)=R*{GIM-G1")+G1M
NN=NN+1
AL1 (J) = (TAB/NFl (J» *PRT
IF{NN.GT.NH1(J» GO TO 300
DH(I,J)=(AL1(J)/NH1(J»*NN
GO TO 210

300 NlCP=HH1 (J) +HP1 (J)
IF (NN.GT.nXp) GO TO 400
OH{I,J)=H1(J)
GO TO 210

~Or) OH (I ,J) =AL 1 (J) - (AL 1 (J) /NH1 (J) ) * (911- (NH 1 (JI +NPl (J) ) )
GO TO 210

'111 IF(IWORK(I,J).EQ.O) GO TO 210
R=G(juBPS (OSEED)
AOM (1,J) =R* (GXl'l-Gl!'l) +GI~

:1M=/!!l+1
AL2(J)=(TA8/NP2(J)}*PRT
IF (I!M.GT.NH2(J» GO TO 301
DH(I,J)={AL2W)/NH2(J»~~l'l

GO TO 210
301 ~X=NH2(J)+NP2(J)

IF(l'lM.GT.l'lX) GO TO ~01

Dr! (I ,J) =AL2 (J)
GO TO 210

401 DH (I ,J) =AL2 (J) - (AL2 (J) /NH2 (,1» * (M!1-NH2 (J) -NP2 (J»
210 CONTIHOE

IF{1l1.EQ.1) GO TO 405
IF (J.EQ.1) GO TO 110
:1=J/1l1
K=l'll*N+1
IF (J.EQ.K) GO TO 405
(;0 TO 110

~05 PP.T=PRT+PRT*PRI
110 CONTINUE

DC' 549 J=1, NOYE
DO &49 1:1,365
L=I
:!=J
I? (I.EQ.1.AND.J.ZC.. 1) GO TO 649
If"{lIHND(I,J).E;:l.O) GO TO 249
:';0 TO 6~9

2!j9 I!,{I.EQ.1) GO TO 149
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GO TO 749
149 L=366

1'I=J-1
749 AOK(L-1,a)=GXfi
649 CONTINUE
549 CONTINUE

DO 606 J=1, NOYR
DO 505 1=1,365
L=I
:'l=J
IF(I.EQ.365) GO TO 16
:;0 "::'0 17

16 L=O
1F(J.NE.NOYR) ~=J+1

17 IF(IWOBK(I,J).EQ.0.~ND.IWOP.K(L+1,~).EQ.l)GO TO 707
GO TO 505

707 AO~(l+1,M)=GXM

505 COtjTINUE
506 CO NTINUE

PRT=PRTl
DO 410 J=1,IiOYR
DO 510 I=1,365
GRAIN (I,J) =0.0
FGiiN (I, J) =0.0

C THE FOLLO"ING TiO STATEMENTS DEFINE THE HARVESTING
C SEASONS PER YEAR.

IF (I.GT.IP1.AND.I.LT.I1.1) GO TO 310
IF (I.GT.IP2. AND.I. LT.II.2) GO TO 310
GO ":0 510

310 CONTINuE
IF(IiORK(I,J).EO.O) GO TO 510
L=I
Il=J
IF (!.EQ.365) GO TO 15
GO TO 25

15 L=O
IF (J. !IE. !lOY 1\) ~=J+ 1

25 CONTINUE
KF=1

26 CONTINUE
LL=L+KP
IF (LL.GT.365) GO TO 700
GO TO 800

700 L1 =ILL-365)
IFlf:l.NE.NOYR) 11=11+1

SOO ::::- (ISUN (I,J) .EO.O. AND.ISUIl(LL,ll) .EQ.O) ':;0 TO SOB
IF (ISUN (I,J) .EQ.l. AND. ISUN (LL,II) .EQ.O) GO ':.'0 508
~GP.N(I,J)=D3(I,J)

GO TO 510
508 IF (KF'.EQ.KFO) GO TO 509

KF=l":F+1
GO ro 26

509 IP'(OH(I,J) .LT.TDD) GO TO 970
GilAIN(I,J)=DH(I,J)-TDD
GO TO ;:;10

)70 ~PAIN(I,J)=O.O

510 CON'IDlrJE
tll0 CO N":INUE
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c
C **********.**.**.*.****••***.*.~••~.**$$*.*.****••*.**.***

SUBROUTINE PHGRN(NOYR,TDD,P~,FMCG)

C THIS PART OP THE PROGRAM CALCULATES THE FLOW OF PARTIALLY
C DRIED GRAIN FBO~ FARMERS' HOUSE TO THE PLANT

COM80N /BB/T1(365,15),RA(365,15)
COMMON /HH/ISUH(36S,15)
COM~ON /00/FGRN(365,15)
COM~ON /PP/FGRNP(365.1S)
CO~MON /SS/AO~(365,15)

DIMENSION PMCG(365,15)
DO 300 J=1,liOYR
DO 200 I=1,365
l'GRNP (I, J) =0.0
PMCG(I,J)=O.O
O/l=AOM (I,J)
O!'!1=OP'!
IF (PGRN (I,J) .GT.O. 0) GO TO 111
GO TO 200

111 TA1=TA(I,J)
CALL SSLG(T!1,0~,SSD7)

ID=IFIX (SSD7)
N=O

40 N=N+1
L=I
Il=J
K= 366-N
E (I.EQ.K) GO TO 15
':;0 TO 25

1": L=O
I~(J.NE.NOYR) M=J+1

25 IF (ISUN (L+!II, M) • EQ. 0) GO TO 240
TA2=!A (L+II, i1)
RA2=RA(L+N,M) .
CALL D8SR(TA2,RA2,OH1,:~C)

IF(F~C.LE.FM) GO TO 200
CALL SSLG(TA2,F/lC,SSD9)
LD2=IFIX (SSD9)
ID=N+LD2
01l1=!'Il4C
GOIO 40

2110 IF (N.GE.!D) GO TO 113
';0 TO 40

1 13 IF (F GR N (I, J) • LT. TDD) GO TO 114
PGF.NP(L+N,/l)=FGRN(I,J)-TDD
F~CG (L+N,:1) =Oiit
GO TO 200

11~ l'GRNP(L+N.~)=O.O

200 CONTINUE
300 CONTINUE

fG'IURN
~N D

c ****.*******.********.*~************************************
SGSr.OU?INE GLCSS(NOYR,pr,24,P5,JP,~S,GI~,G~~,F~,Trl,~R~IS,

*DGP.AIN .aac, DDR)
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C THIS SUBPROGRAM CALCULATES THE ABOUNT OF GRAIN LOSS DOE
C TO INADEQUATE DRYING CAPACITY OF THE DRYI~G PLANT

COMMON /SS/AOM(J65,15)
COMBOS /TT/PlO(365,15),GlO(365,15)
DIMENSION XLO(365,15),ALO(365,15;,GRAIB(365,15)

*,GRN(365,15),TA(365,15) ,DGRA1N(365,15)
DO 150 J=l, NOYR
DO 250 1=1,365
no (I, J) =0. 0
lilO (I, J) =0.0
:?LC (I,J) =0.0
GlO (I, J) =0. 0
GRN(I,J)=GRAIN(I,J)

250 CONTINUE
15a CO N'rINUE

PP=P5
1'6=1'4
00 200 J= 1, NOYR
DO 300 1=1,365
IP(GRN(I,J).GT.O.O) GO TO 111
0;'=(G1~+GXIfI/2

GO TO 122
111 OM=AOM (I ,J)
122 DDIi=DR*WR

IF (GRN (I, J) • GE. DDR) GO TO 205
OGPAIN (I,J) =GRN (I, J)
GO TO 300

205 OGFAIN(I,J)=DDR
ALO(I,J)=GRAIN(I,J)-DDE
Ii" (ALa (I,J) .GT.O.O) GO TO 100
GO TO 300

100 CONTUUE
TA l='!'A (I,J)
CALL SSLG(TA1,OM,SSD1)
LD=IF'IX (SSD1)
XL=SSD1-LD
IP(XL.GE.0.5) LD=LD+l
H(lD.GE.l) GO TO 400
P~0(I,J)=ALO(1,J)*(P4+«P5-P4)/{GXH-F~j)·(GX~-On)l

st,c (I,J) =ALC (I,J)
GO '1'0 300

uoo CONTINrJ~

11=0
40 N=~!+l

L=1
!'I=J
K= Jf6-!1
IF(I.FQ.K) GO TO 15
~O ro 25

15 L=O
!:(J.E.NOY2) M=J+l

2:, IF'(GRN(l+'l,Il).lT.DDR) ;;0 TO 50
L' (N.GT. lD) GO TO 20
';0 TO uo

5J I'" (X.JT. LD) GO TO 20
:, =(DDa-G?N(L+:<,:1)l
I (He (I, J) • GT. '(T) GO :-n 1')
.; H(l+~i,~) =GRAI'I (~+(l ,~) +I\LO (I,J)
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GO 'IO 300
10 ALO(I,J)=ALC(I,J)-XT

GRN(L+N,M)=GRAIN(L+N.I'l) +XT
GO TO 40

20 PLO(L+N,~)=Al0(I.J)*(P4+«P5-P4)/(GX~-F~»~(GXB-O~»

XLC(l+N.M)=AlO(I.J)
300 CONTINUE

P4=P4+PI
P5=P5+PI

?OO COIJTINUE
00 125 J= 1 , NOY R
00 425 1=1,365
G10(I.J)=GLO(I.J)+XlO(I.J)
IF(DGRAIN(I.J).GT.O.O.AND.AO!!(I,J).EQ.O.O) GO ro 104
GO TO 425

104 AOIl(I,J)= (GII!+GX!!) 1 2
425 CONTINUE
125 CONTINUE

P4=P6
P5=PP

C THIS PORTION OF THE PROGRA~ CALCULATES THE CAPACITY OF
C THE STORAGE BIN POR WET GRAIN.

SiC';O.O
00 225 J=1,NOYR
00 325 1=1,365
L=I
:1=J
IF(I.EQ.365) GO TO 35
GO TO 45

35 L=O
I? (J.NE.NOYR) I'l=J+1

45 SWC 1=AIlAX: 1 (GRAIN (I,ll) , GRAIN (tt- 1 ,!!) )
S.C=AI!AX1(SiC.SiC1l

325 CON'IINUE
225 CONTINUE

?ETURIl
E~D

C
C ******•••••*•••**.*******~*.***.**********.*********.*******

SOBFOUTINE SSLG(TA,01'l1,SSDl
C THE SUBROUTINE POR SAFE STORAGE LIFE(DAY~ OF ~A9VEST!~

C GR AIN.
DOUELE PRECISION A,B,C,D.E
01 TA ST/3.0/
A=379.23D10
8=-6.6581
C=-2.0393
j)=0~1**P

£=(Tl\+ST)**C
SS!l= (A*D*E)
RRTUI'N
EN D

C
C ******••***********.***••***********************************

SUBP.CUTI~E ECOST(TA1,EA1.DR,~D,TH,DG,DG1,P1,O~,f~,

*Q1,Q,CEDD,A)
C THIS P~OGRA~ CALCULATZS IllS COST OF ENERGY FO~ DaY~G

C THE ?ARAMETEF.S RELA~ED ~O THE A~BIENT AND REATED AIR
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DOUBLE PRECISION PA.S2,c,nF1,Y
DATA CPA/1.0/,CPV/1.88/,PA/l01283.98/
DATA RE/o.a/

C THE PARAMETERs RELATED TO DRYER
DAT~ X/O.7/,EF/O.60/

C THE CONSTANTS RELATED TO THE GRAIN
DATA 9/51.16/,C/O.000019187/,AN/2.4451/
DATA B2/2.323/,B3/1.026/,B4/2.9462/,C2/17.78/,~3/0.21733/

C THE VALOE OP DP IS AN ARBRITRARY ~UMBER NECESSARY TO
C IaITIALIZE FOB ITErATION BETWEEN LIN! NITMB!B 200 TO
c 300(LOOP). CHECK CABEPULLY FOP. SETTING THE VALUE OF Dr.

1):=15.0
A=DR/X
RD=SQRT(A/3.1428)
CALL SATVP(TA1,PSAl
HR=«(0.6219)*RA1*PSA)/(PA-RA1*PSA)
CALL SATVP(TH,PSH)
REf= (HP*PA) / ( (HR+O. 62 T"" *PSH)
CALL EQUMST(TH,RH,~)

VL=B2*(1090-B3*(TH+C2»* (1+B4*gXP(-c3*O'))
TE=-(B+(ALOG(l-RE»/(C*OM**AH»)
CALL DRCNST(TH.DK)
H=O.693147/DK
PV=RH*PSH
VS=(287*(TH+273.151)/(PA-PV)
R~X=(P~-E~)/(O~-EM)

R!!=ABS (R'!X)
Y=EXP(-TD*0.693147/H)

?OO CONTINUE
DF1=1.4~2695*DLOG((F.XP(1~*JF*O.693147))/Y+l-1/Y)

DFF= (DF-!)?'l)
IF (DFi.LE.0.0001) GO TO 300
DF=D1"1
;;0 TO 200

30r. SM=(X*DG*~*VL*(OM-E~)/100)/(CPA*DF1*H*(TE-TE))

Q= (S~*VS)/(3600.0*A) _
~ C~LCULATE THE COST OF ~RAI~ DRYING

CD1=(TH-TA1)*S~.TD*(CPA*HR*CPV)*P1}/(Q1*EF.DE)

CECD=CD1*DG1
SE'!UP.N
END

c ********.***********************~***.****.****.************.

SUBFOUTINE SATVP(T,?S)
C S~9FOUTINE FOR CALCULATION OF SATURATED va20B ?BESSUi! AT
C JIFFEP.E~T TE~PEBATUP.ES

nOUELE ?RECISION Pl,P2
:> 1=-27405. 526* (97.5413* (T+273. 16)) - (0.146244* (1'+273.16) **2)

3+ ( (0. 12558D-3). (1+273. 161 *"3) - ( (0. 485D-7) * (T+273. 16) **4)
?2= (4.34903* (T+273.16») - «(0.39381D-2) * (T+273.16) h2)
?S=DEXP«(P1/P2)+16.91)
RETURN
END

c
~ ****.****************.**************************************

S3BEOUTINE EQUMST(TH,n,EH)
c SUbcOUTINE FOR CALCULd~ION OF EQUIL!ilEla~ ~OISTURE CO~TSN~

C OF GRAIll
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DOUBLE PRECISION C
DATA B/51.16/,C/O.000019187/,AN/2.4451/
EM=(ALOG(l-R)/(-C·(TH.B»)·~(l/ANj

BETURN .
END

e
C •••••*••*************.*****•••****.*****.******************.

SUBROUTI~E DRCNST(TH,DK)
e SUBROUTINE FOB CALCULATION OP DRYING CONSTANT

DOUBLE ?RECIS~ON B1,Cl
DATA B1/136485.6/,C1/4e11.671/
DK=B1*DEIP(-Cl/(TH+273.15»
RETURN
END

C
C .******••********••*********••••**••**.****••••**.**•••••*.*

SUBROUTINE DESR(TA,PA,OMC,FMS)
C SUBROUTINE POR CALCULATIOH OF ~OISTURE CONTENT OF GRAI!
C APTER SUN DRYING

DOUBLE PRECISION PA
DATA TP/O.90/,DSH/7.0/,TC/10.0/,PA/101283.98/
ESH=TF·OSH
TS=Tl\+TC
CALL SATVP(TA,PSA)
HR= «0.6219) .RA.PSA) /(PA-RA*PSA)
CALL SATVP(TS,2SH1)
RH1=(9R·PA)/«HR+O.6219)·PSH1)
CALL DRC~ST(TS,DK1)

R~1=EXP(-ESH·DK1)

CALL EQO~ST(TS,RH1,E~1)

F~S=EM1+RM1.(OMe-EM1)

RE'!UBN
END

c .*.*.**••••••*****.***.**•••••••••••~.*•••••••*.* •••••*••?.

SUBROUTINE CFAN(P2,TD,~,VG,eOFO)

C 791S SUB90UTINE CALCULATES THE COST O? OP!RATING FiN P02
c !'lOVING AIR THROUGH GRADI DUaING DRYING.

DATA A/3652.62/,B/1.1867/,E1/0.85/
?n=~. (Q.*B)
pp= (Q*PD) /1 000
CF=(PF*TD·P2)/E1
COFO=CF·VG
PErUl'N
~N D

C
C ••••••••••• *••••••••••••**•••••••** ••••••••••••*.*•••••*••••

SUBROUTINE CEG(NOYR,TD,!'l2,?IN1,EH1,EH2,P2,DDG,DWG,DR,
*OM,F!'l,A~O,?E1,P£3)

C Cl~CDLlTE THE COST OF ELEVATING GaAIN DURING DRYING.
CO~~CN IDD/DGRAIN(365,15),DLOS(305,1S)
CO I'!~ON /FF/F~CG (365, 15) , DFGRN (365, 15) , COS~ (365,15)
DI !'lENSION t'E~(365, 15) .czc t (365, 15) ,

*c,,:(:2 (3 b5, 15) ,C EC3 (3b 5, 15) , CEC 4 (365.15) , C::C 5 (365, 15) ,
"'GEX(JE5,15)

CldlA ::1/0.85/
?n=P2
pE1=(DP.·~WG*~H1)/(3670B5*TD)
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P?2=(DR*DDG*EH2)/(367085*TD)
DG1=DWG-«D_G-DDG)/(OH-FM»* (OM-AMO)
PE3=(DR*DG1*EH2)/(367065*TD)
DO 200 .1=1, NOYR
DO 300 I=1,365
IF (Fl'ICG (I, J) .EO. 0.0) GO TO 300
DG2=D~G-({DiG-DDG)/(OM-Fa»*(0!-Fl'ICG(I,J»

PE~(I.J)={DR*DG2*EH1)/(367065*TD)

300 CO~TIUU!!

200 CONTINUE
DO 250 .1=1, NOIR
DO 350 1=1,365
CEC1 (1,.1)=0.0
CEC2(I:,.1)=O.0
CRe3 (J:,J) =0. 0
CEC4(I,J)=0.0
CEC5(I,J)=0.0
IP(DGRAIN(I,J).EQ.O.O) GO TO 201
CEC1(I,.1)=(PE1*TD*(DGRAIN{I,J)/DR)·P2)/E1
CEC3(I,J)=(PE3*TD*(DGRAIN(I,.1)/DR)·P2)/E1

201 IF(DPGRN(I,J).EO.O.O) GO TO 202
CEC2(I,J)=(PE4(I,J)*TD.(DFGBB(I,J)/DR)·P2)/E1
CEC4(I,J)=(PB2·TD*IDPGRN(I,J)/DR)·P2)/E1

202 GEl (1,.1) =DGRAIN (1,J)-DLOS(I,.1)
IF(GEX(I,J).EQ.O.O) GO TO 350
CEC5(I,J}=(PE2*TD*(GEXII,J)/DR)*P2)/E1

350 CONTINUE
IP(~2.EQ.1) GO TO 551
N2=.1/!'I2
!<2=1'I2*N2+1
IF (.1. FQ. 1) GO TO 250
IF (.1.EQ.K2) GO TO 551
GO TO 250

551 P2=P2+P2*PIN1
250 CONTINUE

P2=PO
DO 450 J=1. NOYB
DO 550 1=1,365
COC;:-l (! • .1) =CEC1 (I, .1) +CEC2 (I, .1) +CEC3 (1,.1) +CEC4 (I, J)

*+CEC5 (I.J)
550 CON'T'HrUE
450 CONTINUE

RETURN
END

C
C **.*********.***.*••********.**.***.*.***•••• ** ••••*********
C THIS IS A FUNCTION SUBPPOGRAe FOR GENERATION
C OF RANDOM NUMB~R

C ~GU8FS - RESULTANT DEVIATE.
C DSEED - INPUT/OUTPUT DOUBLE PRECISION VARIABLE
C ASSIGNED A~ INTEGER VALUE IN THE EXCLUSIVE BAN~E

C (1.00, 2147483647.DO).
C DSEED IS SEPLACED EY A NEW VALUE TO BE USED IN A
C SEQUENTIAL CALL.

"EU FUNCTION G~UBFS (DSEED)
DOUoLE p~ECISrON DSEED
DOUELE ?P.P.ClSIUN D2PJ1~,D2P31

C D2P31~ = (2**31)-1
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C D2P31 = (:.!u31) (OR PN ADJUSTED VALUE)
DATA D2P31M/2147483647.DO/
DATA D2P31/2147483648.DO/
DSEED = DMOD(16807.DO~DSEED,D2P31~)

GGUE'FS = DSRED / D2P31
RETURN
END

C
C *********************************************************

SUBROUTINE eSD1 (NOYR,T~,TH,~3,Q1,PIN,PIX,P3,P4,P5,FM,~X~,

*DDR,DR,DDG,PI.P1.AMO,A1)
C THIS SUBROUTINE CALCULATES TRE A~OUNT, COST AND LOSS OF
e PARTIALLY DELED GRAIN DURING SUN uaYING. THE DRYING
C SEQUENCE IS : 1ST DRY THE GRAIR(PARTIALLY DRIED) BY
C NATURAL SUH. IF SUN IS NOT AVAILABLE DRY BY THE PLANT.

COM80N /BB/TA(365,15) ,RI\(365,15)
COMMON /OU/DGRAIN(3b5,15) ,OL05(365,15)
CO/HIOH /EE/COST(365.15) .DC05T(365,15) .J.JLI!IT(365,15).

*OPLS(365.'5) .C5L(365,15) .QFS(365,15)
COMl'ION /HH/ISIIN (365, 15) .
DIMENSION SGRAIN(365,1S) ,SLO(365,15),

*::iGRll(365,15) ,GRNH(365,15)
DATA X1/0.02/,A2/200.0/,DSH/7.0/
AL=A 1/A2
NL=IFIX (Al/A2)
XLL= (AL-NL)
IP(XLL.GE.0.5) NL=Nl+1
DO 90 J=1,NOYR
DO 92 1=1,365
SLO (I, J) =0.0
COST (I ,J) =0.0
QPS(I,J)=O.O
SGBN(I,J)=O.O
CSL(I,J)=O.O
occsr (I.J) =0.0
?LNT(I,J)=DGRAIN(I,J)
DP:S(I,J)=O.O
,lLOS (I,J) =0.0
~nNN(I,J)=DuRAIN(I,J)

92 CONTINUE
90 COT~D!JE

PO=P1
P"=P~

?N=:?5
r'Z=P3
DO 300 J =1 , :IOYa
~w=o

SCOST =NL*P3*DSH
;10 200 1=1,365
C:1=GX"I
VGS=A'*Xl
'l=J
L=1
:i =1
I (Vii. GT. I) n=!lW
.; :l,iI~r(I,JJ=GE::IN(:,J)+S o (:::,J)
z (5·,2,\':::; (I ,J) • SQ. O. 0) 0:0 200
I (SJ2Ag(:,J).LT.0.O) C TO 222
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IF(AMO.LE.P~) GO TO 200
JG2=SGRIIIN(I,J)
A1l1=A1I0
AI1S='H'I1
A:'lC=l\P!S
Til 1=TA (l.J)
CALL SSLG(1111,AM1,SSD6)
I.D=UIX(SSD6)
XLL1=SSD6-LD
Ii" (XLI-l.Ge. 0.5) LD=Li)+l
IF(NZ.EQ.365) GO TO 101
(;0 'IO 801

101 NZ=O
IF (J.NE.NOYR) M=J+1

Sal )l1=~IZ+1

1:'=0
.. 0=0
K1=0
K3=0
K4=0
LD2=LD
Y=DG2-VGS

102 DO 250 N=N1,365
IP(L.EQ.365) GO TO 14
GO TO 15

14 1=0
IP(Il.LT.NOYR) "="+1

15 CONTINUE
'I'i\3=TII (~,1'1)

~A 3=RA (N,~)

IF(ISUN(N,M).EQ.O) GO TO 240
P'(Y.GT.O.O.AND.Y.LE.VGS) GO TO 100
IF (Y.GT.VGS) GO TO 150
IP(SGRN(N,II).EQ.VGS) GO TO 240
CALL DaSR(TA3,RA3,AM1,A~C)

SGRN (N,!!) =VGS
COST (N,M) =SCOST
SLO(L+1,1'l)=Y
IF(~~C.LE.FM) GO TO 202
K1=K1+1
GO TO 613

10a IP(SGRN(N,III.EQ.VGS) GO TO 240
CALL DBSR(TA3,RA3,AII1,AIlC)
SGRN (N,~) =VGS
COST (N, I'l) =SCOST
SLO(L+l,Il)=Y
IF(AIIC.LE.FIl) GO TO 202

'loa K1=K1+1
K3=KO+K1
1F(r3.GE.LD) GO TO 513
GO 'fa 613

1')0 IP(SGRN(N,II).EQ.VGS) GO TO 240
CA1L DBSR('!A3,RA3,Ai!!1,A'lC)
SG:; ~ P:,:'!) =VGS
CO S1 (l:, 11) =SCOST
!? (Al'IC.r.E.F11) GO TC 910
;0 !O 900

~ 1 Co y= Y- vr; s
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A:1C=A!'!S
GO TO 900

613 CALL 5SLG(TA3,AMC,5SD8)
1D1=IPIX (S5"-8)
5LL2=55D8-L01
IF (XLL2.GE.0.5) L01=L01+1
AM1=A!lC
IP=1
K4:0
IF (DGRAIli(L+1,!'f).LE.0.0) GO TO 250
DG4=DGRAIN (L+1 ,!I)
TA4=TA (L+1,~)

C~!l SSlG{T!~r!nS.s~n~}

L02=1P1X (S50A)
XLL3=SSDA-LD2
IP(XLl3.GE.0.5) L02:LD2+1
IF (K3.GB.L02) GO TO 611
GO TO 250

611 IF (PU'l' (1f,1t) .L1'.DD8) GO TO 112
CSL(H,It)=DG~.(P~+«P5-P4)/(OIt-FM».(OM-A!lS)

DLOS (N,ll) :OG4
GR RN (It' 1,1t) =0.0
GO '::0 250

112 EXS=(DDB-PLNT(N,It»
IF (DG4.G'l'.BXS) GO TO 702
CALL BCOST(TA3,RA3,DR,TD,TH,ODG,OG4,P1,A!lS,P~,Jl,

.QBI,COS'lY,A)
DCOST(N,~):COSTY

?LNT(N,H):PLNT(N,It)+DG4
DPLS (N,Il) =DG4
QFS(N,~):QBY

GR NIl (L+1, ll) =0.0
GO TO 250

702 CSL(N,!I) =(DG4-EIS) * (P4+ ( (P5-P4) / (0!I-FIl) ) .. (0 l'I- A:iS) )
DLOS(N,H)=(DG4-EXS)
CALL BCOST(TA3,RA3,DR,TD,Tg,DOG,FX5,P1,A~S,FM,~1,

*QB Z,COSTZ, A)
PLNT(N,H)=PLNT(N,Il)+EXS
DPLS (N,It) =EXS
~C05T(H,!'fl=COSTZ

IlFS(N,;')=QBZ
GRNN (L+1,M) =0.0
GO TO 250

213 IF (PLNT(S,!I).LT.ODR) GO TO 714
CSL(N,M)=VGS"(P4+«P5-P~)/(OM-FM»"(OM-AM1)

DLOS (N, 11) ='1G5
5LO (L+1,ti)=O.O
GO 'f0 202

513 Ii' (PUT (li,Il). LT. DOR) GO TO 614
CSL(N,~)=Y"(Pq+«P5-P4)/(OM-F~»)*(O~-A~C»)

DLCS(N,~)=Y

5LO (L+1,'>=0.0
Y=O.O
';0 TO 613

241) CONTINUE
KO=KO+1
I:l'(I?E;:.1) GO :0 242
IP(I<"O.GE.1D) GO TO 113
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IF(N.EQ.I.AliD.M.EQ.J+1) GO TO 113
XL=DG2
IF(N.EQ.365) GO TO 241
GO TO 250

242 K4=1\4+1
K5'"1\4+1\3
IF(K5.GE.LD) GO TO 513
IF(K4.GE.LD2) GO TO 611
IF(N.EQ.I.AND.tl.EQ.J+1) GO TO 213
XL=VGS
I~(N.EQ.J65) GO TO 241
GO '\'0 250

'13 IF(PLNT(li.tl).LT.DD~ GO TO 924
CSL(N,8)=DG2"',P4+((P5-?4)/(OM-FM)$(OM-AM1))
DLOS (N,M)=DG2
GO TO 202

71~ EXT=(DDR-PLNT(N,~»)

IF (VGS.GT.EXT) GO TO 715
CALL ECOST(TA3,RA3,DR,TD,TH,DDG,VGS.Pl,A~l,F~,~1,

ClQB6,COST6,A)
PLNT(N,M)=PL9T(N,~)+VG3

OCOST(N,M)=COST6
OP LS (N ,Il) =VGS
QP'S(N,~)=QB6

SLO (l+l,ll) =0.0
GO TO 202

715 CSL (N,.'I) = (VG5-EXT) '" (P4+ ( (P5-P4) / (OIl-PIl» '"(OM- A~l1) )
DLOS(N,~)=(VGS-EXT)

CALL ECOST(IA3,EA3,DR,TD,TH,DDG,EXT.?1,~l!l,?M,Ql,

*QB7,COST7,A)
?LNT(N,M)=Pl~~(N,~)+EXT

DPLS (N,:1) =E1'1
DCOST (N,.'I) =COST7
'JPS (N,ll) =QB7
SLO(L+l,/'l)=O.O
GO TO 202

614 EX~=(DDP.-PLNT(N,~))

IF (Y.GT.EXIl) GO TO 615
CALI ECOST(TA3,RA3,DR,TD,TH,ODG,y,P1,A~C,FI!,Ql,

"'QE B,COSTS,A)
QFS(N,:1)=QB8
~LNT(N,M)=PLNT(N,M)+Y

!J?LS(N,M)=Y
DCOST(N,~)=COST8

SLC(!.+1 ,:1) =0.0
Y=O.O
:;0 TO 613

~15 CSL(N,~}:(Y-EX~)Cl(P~+((P~-P~)/(O~-FM»)*(CM-AMC))

DLCS(N,~)=(Y-EX~)

CALL ECOST(TA3,RA3,DR.T!J,TH,DDG,EAK,~1,AMC,F~.Ql,

"'·;.lo9,COST9,A)
ryCCST(N,M)=CC3T9
QPS (N,:'I) =t;!B9
?L?iT (i;,~) =PLNT (N, :1)+ EYM
D!?LS(N,:l) ;EXM
:3LO(L+1,~)=1l.O

Y=O.O
GO TO 613
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~2~ EXG=(DDR-PLNT(N.M»
IF (DG2. GT.EIG) GO TO 925
CALL ECOST(TA3.RA3.DR.TD,TH.DDG.DG2,Pl,A~lrFM,Ql.

*QB10.C0'3Tl0.A}
DCOST (N,Il) =COST10
PLNT(H,M)=PLNT(N,B)+DG2
DPLS(H.Il)=DG2
QFS(N.~)=QB10

GO TO 202
325 CSL (N.~) = (DG2-EXG) ft (P4+ «PS-P4) / (OM-F!'I» * (01l-AM1) )

DLCS(N.~)=(DG2-EXG)

CALL ECOST(TA3,RA3,DR,TD,TH.DDG,EXG,Pl,Alll,F~.Q1 •
• QB 11,COST1 1, A)

DCOST(N,Il)=COST11
QFS(N."!)=QB11
PLNT(N.a)=PLNT(N,~)+EXG

OPLS(N,M)=EXG
GO TO 202

250 CONTINUE
GO TO 200

C LOOK FOR THE SUHNY OAT TO THE FOLLOWING YEAR
241 N1=1

1!=!l+1
IF (I!.GT.NOYS) GO TO 207
GO TO 250

207 CSL (N, :!-1) =XL. (P4+ «P5-?4) / (OM-FIl) ). (05- AI! 1»
DLOS (N,Il-1) =XL
GO TO 300

222 IF(L.EQ.36S) GO TO 11
GO TO 12

11 L=O
IF (Il.NE.NOYR) 1l=1!+1

12 SLO(L+1,!)=SGBAIH(I.J)
GO TO 200

202 NI/=N
200 CONTINUE

P3=I'3+Pl!
p5=P5~PI

P4=P4+PI
:iX=J/1'I3
IF (~3. EQ. 1) GO TO 299
KX=rlJ·llX+1
IF(J.EQ.1' GO TO 300
IF(J.EQ.KX) GO TO 299
GO 70 300

299 P1=P1+P1.PIN
300 CONTINUE

?4=PII
P5=l?N
!?l=PO
P)=PZ
RETURN
SNO

c •••••••••••••••••••••••••••••••••••••••••*•••••••••••••••••
SUDEOUTINE CSD2(tlOYE.TD.TH,~J,Q1,?IN,PIX,P3.pij,P5,FM.GI!,

*DDR,OR.DDG,PI,P1,AMO,A1)
C ~HIS SUBROUTINE CALCULATES THE AMOON!, COST AND ~OSS GP
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C PARTIALLY DRIED GRAIN DURING DRYING. THE SEQUEDCE IS :
C 1ST DRY THE GRAIN(PAR~IALLY DRIED) BY THE PLANT, IP PLAN~

C IS NOT AVAILABLE DRY BY SUH.
COMaON /BB/TA(365.15),RA(365,15)
COMeON /DD/DGRAIN(365,15) ,DLOS(365,15}
COIlI'lON /RE/COST(365. 15). DCOST(365, 15) .PLNT (365, 15),
*~PLS (J 65.15) .CSL (365. '5) ,QFS (365.15)

COMMON /HH/ISON(365.15)
Dr MENSIOH DGRAN (365,15) ,SGRN (365 .15) .GBNH (365.15)
DATA Xl/0.02/.A2/200.0/,DSH/7.0/
AL=Al/112
NL=IPIX(Al/A2)
XLL= (AL-Nt)
IF (XlL.GE. O. 5) 11L=NL+l
DO 90 J=1.NOYH
DO 92 1= 1. 365
COST(I,J}=O.o
;.IFS (I, J) =0.0
SGRN(I,J}=O.o
CSL(I,J)=O.O
DCOST (I. J) =0.0
PL~T(I,J)=DGRAIN(I.J}

DPLS(I.J)=O.O
DLOS(I,J)=O.O
DGRAN(I.J)=DGRAIN(I.J)
GRNN (I.J) =0.0

92 CONTINUE
90 CONTIYUE

PO=Pl
!'''!=P4
PN=P5
PZ=P3
O!!=GX!!
VGS=A1*X1
DO 300 J=l,lIOYR
SCOST=NL*P3*DSH·
DO 200 1=1,305
IF{DG2AIN{I.J).G':.o.0) GO TO 111
r;o TO 200

111 IF (.I\!'!O.LE.PM) GO TO 200
TA1=':.I\ (1 ••1)
.I\."I1=AIIO
A~S=AMl

CALL SSLG(TA1,AM1.SSD6)
:D=IFTX (S3::J6)
XLL=SSD6-LD
IF (:n~.GE.O.5) LD=LO+1
:l=()

lIl1 N=N+l
L=!
11= J
r.=366-N
IF (I.EQ.K) GO TO 15
:;0 :0 25

1 C; L= a
I? (J. :1=:. NOya) Il=J+ 1

~5 :A]=T1(L+~.~l

RAJ:;;A (L+:I,~)



192

DGU=OGRAN (I ,J)
IP(PLl-lT(1+N,Il).LT.DDR) GO TO 113
IF (N.GT. LD) GO TO 250
GO TO ~O

113 H(N.GT.LD) GO TO 250
EXS=(DDH-PLNT(L+N,B»
I~{rG4.GT.EXS) GO TO 702
.CA~L ECOST(TA3,BA3,DR,TD,TH,DDG,DG4.?1,AMS,FM,Ql,

*Q9Y,COSTY,A)
OCOST(L+N,M)=COSTY
PLNT(L+N,~)=PLNT(L+N,~)+DG4

DPLS (L+N,~) =DG4
QPS (UN,!!) =QBY
GO TO 200

702 CALL 3cOST(TA3,RA3,DR,TD,TH,DDG,EXS,P1,A~S,F~,Q1,

*i.l8<:,COSTZ,A)
P1NT(1+N,~)=P1NT(L+N,~)+Er.S

OPLS (1+N,8) =EXS
DCOS!(L+N,Il)=COSTZ
QPS (L+N,l!) =QBZ
DGRAN(I,J)=DGRAR(I,Jl-EXS
GO TO ~O

7.50 H(ISUR(L+N,I1).EQ.O) GO TO 240
T.\2=T.\ (L+N,~)
RA2=!1A (L+N, :1)
IF(GRNN(L+N,~ .GE.VGS) GO TO 240
5PD=VGS-G~N~(L+N,I1)

!F(DGRA!l(I,J).GT.SPD) GO TO 260
CALL D~SR(TA2,RA2,AM1,A~C)

SGRN(L+N,M)7DGRAN(I,J)
COST (L+N,M)=SCOST
IF(DG~AN(I,J).EQ.O.O) COST(L+H,f!)=O.O
GR9N(L+!l,M)=DGRAN(I,J)
IP(AMC.LE.F~) GO TO 200
CALL SSLG(TA2,ANC,5SD8)
LD2=IFIX (S5DB)
XLL 1=S5D8-LD2
IF (XLL1.GE. 0.5) L02=1I:2+1
LD=I1+1D2
A!11=AI'!C
AI!S=Al1C
GO TO ~O

~60 D~=DGP.AN(I,J)

DGRAN(I,J)=D~RAN(I,J)-SPD

CALI DBSR(rA2,RA2,AM1,A~C)

SGEN (L+H,M) =SPD
COST(l+N,~)=SC05T

GI\NN (L+N,.'!) =SPD
IF(A~C.LE.FM) GO TC 2~1

AM1=(A~C*S?0+Act1*DGaA~(I,J»)/(SPD+DGRAN(I,J)1

A~5=A~1

CALL SSLG(TA2,AMS,SSD9)
LD1=IFU (S5091
XLL2=SSD9-LD:
I:' (Xl!2 .GO:. ,Y.5) ID3=LD3+1
Lf'=~:+L!)3

JG:<AN(I,J) =!)X
~41 IF (~.GT.LD) GO TO 240
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GO TO 40
2~O CSL(L+N,H)=DGRAN(I,J)*(P4+«PS-P4)/(OM-FA»*{Or.-AMS»

DLOS(L+N,M)=DGRAN(I,J)
200 CONTINUE

P)=P3+PIX
l?5=PS+PI
P4=1?4+PI
NX=J/?!3
IF (MJ. EQ. 1) GO TO 299
K~=.~J*NX+1

IF(J.EQ.1) GO TO 300
IF (J.EQ.KX) GO TO 299
GO TO 300

299 P1=P1+P1 oPIN
300 CONTINUE

P4=Pll
PS=PN
P1=PO
1?3=PZ
RETURN
END




