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Abstract: Problem statement: The agricultural industry is a major user of energpergy is used
directly for operating agricultural machinery andugment on the farm and indirectly in the
manufacturing of fertilizers and pesticides andcpssing of agricultural products off the farm. In
order to reduce the cost of agricultural productienergy uses on the farm must be identified and
optimized using modern tool&pproach: A comprehensive and easy to use computer prograsn wa
developed for the purpose of determining the fanergy requirements with the aim of reducing costs
and maximizing profit. The program includes a mdmabase composed of nine sub-databases:
Tractors sub-database, agricultural machinery sibbdise, pumps sub-database, stationary engines
sub-database, planting dates sub-database, sedatabase, operating variables of farm operations
sub-database, draft and power equations sub-dataddad water requirement sub-database. The
program was designed with visual C++ langudgesults: The program was tested by comparing its
results with the manually calculated results. Témults showed that the program worked properly. The
developed program was also illustrated using amrmela farm to show the different stages of
determining the required farm energjonclusion: The program can be used: To determine the farm
energy requirements, to assess the current sthfasngs in terms of energy use efficiency, for fietu
planning of modern farms and as an educational todlas many advantages including: Ease of use
when dealing with input through interactive windowsase of addition or deletion or updating of sub-
databases, ease of exploring the program windowstenpotential for further future development of
any part of the program. The program is uniqued agliudes all the information in a database amsl ha
a multi dimensional uses including: Evaluation nfexisting system, selecting new machinery based
on an optimum energy use and future planning ahfaperations.

Key words: Farm energy, field operations, water pumps, fuisljal programming

INTRODUCTION system using Visual C language and adopting the
ASAE Standards 2000 (ASAE, 2000). Sagaard and
The agricultural Industry is a major user of Sorensen (2004) developed a non-linear model for th
energy. Energy is wused directly for operatingoptimal sizing of agricultural machinery based be t
agricultural machinery and equipment on the farm an concept of least-cost inclusive of all fixed andiable
indirectly in the manufacturing of fertilizers and costs for a limited farm area as well as crops.
pesticides and processing of vegetables, fruits an@amarenaet al. (2004) develop a model for the
other crops off the farm (United States Departndnt selection of machine systems for several farms. The
Agriculture, 2006). Energy cost makes a large parti program was linked with a number of spreadsheet
of the farm bill. Therefore, in order to reduce ttwst  tables for the selection of farm machinery andctsla
of agricultural production, energy uses on the farmset of machines for each farm on the basis of ¢hstl
must be identified and optimized using modern tools annual cost. The required information consistefixef
There are several computer programs/models thand variable costs, the schedule of operationgt afs
have been developed for sizing farm equipment andhachines and the area of each farm. Baruah and
optimizing farm operations. Al-Hamed and Al-Janobi Panesar (2005a) modeled the components of a combine
(2001a; 2001b) designed two programs to deternhi@e t in terms of power and energy requirements using a
optimal operation of agricultural tractors and miaeh number of processes including physical theories,
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mechanics and mathematics. The model incorporatedn the use of a primary plow that requires high @ow
crop, machine and soil factors. The crop factordor performing the tillage operation. The moldboard
included: The flexibility, determination inertia dithe  plow requires high power value followed by the disk
height and integrity of crop. The machine factorsplow and chisel plow.

included: Corrective factors of machine forward espe The appropriate implement width for an area is
and the total weight of the machine. In a subseqjuercalculated based on the field capacity. The Effecti
study (Baruah and Panesar, 2005b), the model wasield Capacity (Eff FC) is expressed in ha las
verified and used to calculate the energy requirégme follows:

for all farm operations. A Decision Support System

(DSS) was designed by Rea@bal. (2003) for planning A

agricultural projects. The system takes into actolm Eff FC=H—rS 1)
factors which were not considered in the traditiona

method such as scheduling field tasks, investmenjyhere:

analysis, machinery selection, cost to benefibrand A = The field area (ha)

other factors in agricultural production. It dealth the s = The hours of work during the season (h)
medium and large farms and was linked to a framkwor

for building decision support system in agriculture The hours of work during the season are calculated
Although extensive research were carried oulys follows:

regarding farm energy measurements, the output from

most of these studies was one dimensional modelgy = xd, x h, )

(such as selection or evaluation of one aspect)adind

models shared the difficulty of filing the input tda Where:

required for the model use. ws = Thenumber of weeks of season (week)

This r_esearch _a|med at  developing adW = The number of weekly working days (day)
comprehensive interactive computer program that cal” _ the number of daily working hours (h)
g =

be used to determine the farm energy requiremesht an
select and evaluate a_gricultural equipmen_t needed f The Theoretical Field Capacity (Th FC) is
farm based on optimum energy requirement. The )

. ; ) .. expressed as follows:
functions of the program include: (a) determining
pump’s power requirement for lifting water from vgel
and distributing it through the irrigation syste() Th FC=
determining the appropriate tractor's power accuydi
to the size and nature of the farm and (c) estimgatie
costs of fuel and oil consumptions for both the pam
and agricultural tractors. The program was devealope
using field data as well as a database for agtirallt
equipment for easy use.

Eff FC

®3)

where, FE is the average field efficiency (%).
Also, the Theoretical Field Capacity (Th FC) is
expressed as follows:

sx W

Th FC= (4)
MATERIALSAND METHODS 10
: Where:

lr:eat;LrJ?reerggn%g cr(?r(l)gigleree?juiantIt(;lri]sS stmf/ alfeal r(g)eeﬁr:gg/y s =The .forward speed (kr_ﬁlm .
required for performing farm operations and (b) theW = The implement operating width (m)
energy required for lifting and distributing waterthe The implement operating Width (W) is calculated
field through the irrigation system of the farm. using the following equation:

The Energy requirements for farm operations are
determined by calculating the tractor power and the = Th FCx10 )
power of self-propelled machines used for all = ™ s
operations necessary for crop production. The
maximum power for tractors is calculated and used i The required Draft (D) for an implement is

determining the agricultural machinery used foiioias ~ computed based on specified depth and speed.
farm operations and for estimating fuel and oilEquation 6 shows a general form for calculating the
consumptions. The tractor power is determined basedraft (ASAE, 2000):
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D=F [A +Bs+ C g] W d (6) The fuel consumption is calculated using the
following ASAE recommended equation for diesel

Where: tractors (ASAE, 2000):

D = The required draft (N)

d = The tillage depth (cm) Q, =2.64r+ 3.9% 0.203 738+ 17 (11)

A, B, C = Constants, depend on the type of implémen
Q) Where:

F = A modification factor of the constants @, = The quantity of fuel consumption (L kW*h
depending on soil type (-) R = The load factor (-)

[ = A representative value of soil type (1 =

heavy, 2 = medium, 3 = sandy) The fuel cost is calculated as follows:

The drawbar (f) power is the product of drawbar

pull and the forward speed and is expressed in BW acf = Q xR x Hre (12)
follows:
Where:
P = Dxs ) C; = The fuel cost (SR)
LY P; = The fuel price per liter (SRH)

The total tractor Power (P) is expressed as falow The oil consumption is calculated using the

following recommended equation (ASAE, 2000):
p="o (8)
Te Q, =0.00059 P+ 0.021€ (13)

where, T is the average tractive efficiency, depends on . : . -
the field condition and soil type (%6). where, Q'.S theqL_Jantlty of oil consumed _(L .
. The oil cost is calculated as follows:
The recommended tractor Powey) (Bonsidering a

Reserve factor (fRis calculated as follows:
* C.= QxR Hrs 14)

R=x (9)  Where:
! C, = The oil cost (SR)

In the operation with the highest draft requiretmen Po = The ol price per liter (SR)

which is the basis for determining the requirectta
power, the loading factor equals the reserve faétor
the rest of field operations, the drawbar power el
total power are calculated using the same proceasire
for the first operation, but the loading factor is
calculated by dividing the total power required for
operation by the recommended tractor power.

The power of a self-propelled machine is
calculated using the following equation, which edso _
be used for machines that draw their power from theETC = EToxKe (15)
tractor through the PTO:

For determining the required energy to lift the
water, the power of the stationary engine operaiireg
pump is calculated. The pump discharge is calcdlate
based on the crop type, water requirement, irogati
period, daily operating hours for irrigation angbeyof
irrigation system. Equation 15 was used for esfimgat
water requirement (EJ:

Where:
P.o=a+ bW+ cF (10)  ET, = The evapotranspiration (mm d&y
K. = The crop coefficient (-)
Where:
Prro = The required power by the machine engine  The values for Evapotranspiration (fTand the
(kW) values for crop coefficient (i for Saudi Arabia were
F = The feeding rate (fH obtained from the Guide for Crop Irrigation
a, b, c = Equation constants depending on the machi Requirements in the Kingdom of Saudi Arabia
type (Al-Zaid et al., 1988).
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Irrigation systems used in Saudi farms are ofterdepth of water in the well represents the amount of
sprinkler irrigation, central pivot, surface irrigan, or  static head plus the amount of depth of the dealume
drip irrigation in the field or in greenhouses. Btjon  to pumping water, because at the beginning of the
16 was used to calculate the required dischargeafor operation of a pump, water level becomes lower
water pump (Q) in the case of intensive crops sagh forming a water cone in the well. In addition, tmead
wheat or barley which has water requirement units orequired at the beginning of the irrigation syst&m
“mm day and the irrigation system used is one of theadded. The total of these pressures is the totamic

systems used in the Kingdom of Saudi Arabia: head necessary for the pump to meet its operational
requirements. Based on the total dynamic head, the

Q= K AETC (16) required power for the pump and engine is calcdlate

h E The Water Power Value (WHP) of the pump can be

calculated as follows:

Where:

Q = The discharge (LY whp=YQH (19)

A = The area (ha) 76

ETc = The water requirements (mm d9y

E. = The irrigation efficiency Where: -

h = The operating hours (h day v = The specific weight of water (equals 1)

k = Aconstant equal to 2.778 H = The total dynamic head (m)

In the case of trees such as palm trees, which are Then, the power of the engine required to operate
irrigated by surface or drip irrigation systems aheir ~ the pump is calculated. The engine power is greater
water requirement units are “L day the required than pump power, due to the loss in power as atresu

discharge of the pump (Q) is calculated as follows: mechanical parts and the high power requirement at
start-up. Usually, engine power should not be thas
130% of pump power.
Q=n.tl (17)
khE

Farm energy program: The program was designed
using the object programming language of Visual C++

Where: _ ~ using Borland C++ Builder 2006 (Borland Software

ETc = Thewater requirements (L day-tfép Corporation, 2006). The application type is Mukipl

k = The constant equal to 3600 o Document Interface (MDI) application. In addition,

n =The trec_es cqunt, calculated by dividing theaare QuickReport Pro 4.06 package (QBS Software, 2006)
by planting distances was installed in the program in order to cover péthe

development of software for the designing of report

In the case of crops cultivated in the greenhouse$pe program includes a main database and 9 sub-
such as vegetables where drip irrigation systeusésl,  gatabases, containing information and data on farm

the required pump discharge (Q) is calculated agnergy. The program determines the appropriate powe

follows: values of water pumps and tractors which are deitiaio
a given farm size and conditions. Then, the apjmtepr
Q -ng (18) agricultural equipment (agricultural machines omps)
KE; can be selected from the equipments databasedoifisp
farm conditions. These include: Type of crop, tgpsoil
Where: and depth of well. Also, the program estimatescibts
q = The discharge of a single line (I*h of fuel and oil consumed on the farm.
n = The number of drip lines The program is useful in evaluating the current
k = The constant equal to 3600 status of a group of farms in terms of appropriessrof

energy consumption and in the future planning of
The discharge of one drip line is calculated bymodern farms by identifying the amount of energy
multiplying the number of drips per line by the required and the selecting of agricultural equipmén
discharge of the drip. is very useful as an education tool and can be bged
The total dynamic head of the pump is the mainconsultants. The program was used to analyze afasst
parameter for calculating the power of the pumpe Th of energy use in the farms of Saudi Arabia
92



Am. J. Agri. & Biol. i, 5 (1): 89-101, 2010

The flow diagram (Fig. 1) shows the main Agricultural machinery sub-database: This sub-
components of the program used to determine thedatabase consists of 26 kinds of agricultural
optimum energy. The program inputs include: Farmmachinery in terms of the type of farm operation.
data such as the name of the farm, farm locationEach kind includes many implements of different

cultivated crops, cultivated area, soil type, agtimal  manufacturers and models. The total number of
operations and the depth of water in well. Thelolste implements in the sub-database is 355. The
is useful as an additional input to the programhwtite  information in this sub-database includes: the

possibility of updating its data using the prograrhe  manufacturer, model, hitch type, width, number of

program depends on experimental models derived frortools (or bodies, disks, or rows), tank capacitgywer

field research and mathematical formulas. The @nogr and operation depth.

outputs include: An estimate of energy for agrietat

equipment such as pumps, stationary engines, teactoPumps sub-database: This sub-database includes: The

and other agricultural machines. manufacturer, model, discharge, power, efficiency,
A database for information and data on farmnumber of fans and pipe diameter.

energy was established. The information were obthin

(@) from data collected from farms using a

questionnaire (b) from data obtained from

measurements made on the farms during field \asits

(c) equipment specifications from manufacturerse Th Planting dates sub-database: This sub-database

data available in this database is used in theulzslons  contains the planting dates of 14 crops for thelystu

of the required energy of the farm using theareas. Some crops are planted twice while othe¥s ar

mathematical models that form the core of theplanted once.

developed program. The program is user friendlyiand

has the following 9 sub-databases:

Stationary engines sub-database: This sub-database
includes: The manufacturer, model, power and
efficiency.

Soil sub-database: This sub-database includes: Sall
type, soil classification and cone index.

Tractors sub-database: This sub-database containing operating variables of farm operations sub-

tractors specifications for more than 800 tractorsjatabase: This sub-database includes: Operating
gathered from Nebraska Tractor Tests reports. Thesgriables for each implement. It consists of hitghe,
specifications include: The manufacturer, modelvedr operating speed, field efficiency, tractive efficoy
type, power, weight on front and rear axles anditfro and the dates of beginning and ending of farm
and rear tires sizes. operation.

| Assessment of energy use for agricultural purposes in farms and determining farm energy requirement |

! !

| Ten View databazes | | Update databases | |Assessment of energy use ”Determjne recuired energyl

| |
l l
Help File | Tractors | |View assessmentresultsl |

Farm data |
4 Crops, farm operations
[ About | | Exit | | Pumps } { Purmps | and irrigation systems
i
| Farm energy help | | Stationary engines l | Stationary engines | Modify:
Field operations
Operation period
Trrigation system
| Tools
t Calculate:
TWater lifting
+ _ energy and field
Modify number | | Modifythe ||Update operating Update equations Update water Operations energy
M;d11fy f_uel of annual year in variables of field | | constants of draft requirement 1
NG OUPHCES | irrigation days databases operations mrigft:r?;:f values View results |
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E1 FarmEnergy
File Edit Tools Help
@. Assessment of Energy Use for Agricultural Purposes in Saudi Arabia
@ and Determine Required Farm Energy

r

& Main Window Determine Requred Energy 75} Assessment of Energy Use 75} Update Database View Dakabase |

Evaluation of Agricultural Energy Use in Saudi Arabia

and Develop t of a Computer Program to Determine the Optimum Energy
Research Project Supported By
King Abdulaziz City For Science and Technology
Researchers
Dr. Saad A. Al-Hamed Dr. Saleh A. Al-suhaibani
Dr. Fawzi Said M. Awad Dr. Mohamed Fouad |- Wahby

Agricultural Enginearing Department, College of Food and Agricutural Sciences, King Saud University

Fig. 2: Opening screen of the program shows thex maidow

Draft and power equations constants sub-database: “Tools” allows the use of three elements: Modifye th
This sub-database includes: The constants of thprice of fuel and diesel, Modify the number of dafs
equations necessary to calculate draft and power afnnual irrigation and Revise the year in the databa
agricultural machinery. These constants for most offhe option “Help” has two elements: “About” and
machines were adopted from the ASAE Standards 200¢grm Energy Help”.

with Some.modifications based on field eXperimentS Given the importance of the inputs of appropriate
conducted in this study. data (integer or real numbers, or date) in diffefeids

in all parts of the program, a procedure was d@ezlo

Water requirements sub-database: This sub-database within the program to ensure entering appropriafaut

includes: Values Of water requirements of all CTOPSalues in the fields. In the case where the usegren
based on farm location. invalid values, the program notifies the user tgtowa
RESULTSAND DISCUSSION warning W|ndow: The \_/erlflcatlon of the valld_|ty of
inputs in some windows is performed at the endllofg
The program consists of five main windows: (a) athe required fields and after the button that aqzamies
main window containing the title of the researchjpet ~ them is clicked. In most windows validity of inputs
and the names of researchers in the project (Figbp Performed directly during data entry in the fields.
a database view window, (c) a database. uPdatin%:tabase view window: The database view window
window, (d) ag assessme_ntdof erf1ergy uses \]ivmdow ﬁm ntains six buttons linked to dialog forms conasgn
E?azn;ti:)enq#:)em :nv(\a/irr?govvx\/"rt]ooxo?r:e?isne(;léngrtmh.roz ﬁdatabases of agricultural tractors, agricultural
. S T 9 machinery, pumps, stationary engines, planting date
buttons in the upper part of the application irdeef. '« specifications
The program also contains a toolbar at the tophef t '
application interface. The toolbar includes foutiops:  Database updating window: The database updating
File, edit, tools and help. The option “File” allsw window also contains six buttons linked to dialogs
opening a previously saved report of farm enerdye T concerning the sub-databases of agricultural tracto
report is of the form of QuickReport (qrp) and wasagricultural machinery, pumps, stationary engines,
formed using the program. The option “File” allows planting dates and soil specifications. These dialo
exiting the program. The option “Edit” allows theeu forms permits changing, deleting and adding datféo
of three elements: Copy, paste and cut. The optiogatabase.
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E1 FarmEnergy
File Edit Tools Help

@ Assessment of Energy Use for Agricultural Purposes in Saudi Arabia
@ = and Determine Required Farm Energy
T

& Main Window Determine Requred Energy 75} Assessment of Energy Use 75} Update Database View Dakabase |

Determinning Required Energy

Ferm Data
s o e EaiE o oaetin veel ()
|Esample fam Hail i | 100
No Ciop buea(ha) Sailyps Iigalion stem lypes Famm opetalions
4 | | ) [ E=| | | | had
L et [ ¥ pdd 1
No Ciap 123 (ha) Saltype Iigalion systemype|Faim operations
-
B Al 7 Sandy Clay Cenlral prvol 3
3 Palm dats lises 8 Sandy Clay Diip igation 1
Deete | Moy
Farm opesations charasterstics Iigalion characieistiss | Caloulate

Fig. 3: Required energy window

[ — results include power index for water lifting, pawe

Machines selection for the crop: Wheat index for farm operations and total power indexeulas
N e on cultivated area and overall farm area.
e R L o i O
o B e Required energy window: This window is used to
ST El e B e N determine required energy for a new farm. It corgta
re e = number of fields such as the name and locatiorhef t
oo 4| farm, water depth in the wells, farm crops, culiach
s e L] areas, soil type, irrigation system and farm openat
e for each crop.
R Figure 3 shows an example of a farm in Hail
e Region, where the depth of water in the wells i§ 10
o e o meters and the farm contains three crops (wheatfeal
e R and palm date trees). Crops are selected fromnbe- d
e down list containing 14 crops (wheat, barley, &fal
e palm date trees, oranges, lemons, figs, mangoes,
x (YT bananas, sorghum, corn, Rhodes grass, vegetahles an
potatoes). The field areas are 62, 7 and 6 ha ffeaty
Fig. 4: Selection of agricultural machinery alfalfa and palm trees, respectively. The soil type

sandy clay which was selected from the drop-dost li
Assessment of energy uses window: This window contains ten types of soil. The irrigation systesaritral
contains four sets of options of the type “Radio@r’.  Pivot” is also selected for both wheat and alfdttam
The first group includes options for the study arehe  the drop-down list containing different irrigation
second group includes crop types, the third grougystems (spray, central pivot, surface, drip itiga
includes soil types and the fourth group is related and drip irrigation for greenhouses). For palm dree
agricultural companies. When selecting one of thelrip irrigation was used. Farm operations for thepc
elements of a group, the associated results of thare selected by clicking the button (+) at the tdfthe
evaluation of energy uses are presented graphiaatly field of farm operations. As a result, a dialognfor
digitally based on the results of the questionnaiiee (Fig. 4) appears for the selection of agricultural
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machinery for wheat. The dialog form contains adis Upon the completion of selecting the operations
available agricultural machinery which includes 26for the crop, the required energy window (Fig. 8) i
machines, as well as six lists related to the cropenabled and the number of operations is addeden th
Selected machines, beginning date of the operatioth, specified field. And now the button “Add” can be
date of the operation, number of days of operationspressed to add the crop and associated informétion
days of work to perform the operation and dailythe table of the type “String Grid”. The variables
working hours. characteristics related to the irrigation systerd at
Appropriate machines for the selected crop ardarm operations are stored in the memory of the
included in the list of selected machinery program. The program verifies that all informatisn
automatically from linked sub-database, as welloas complete and the type of irrigation system is
the five lists related to the duration of performifarm ~ compatible ~with the crop before adding the
operations. Modification of the data can be made bynformation to the table. The user can continueirgid
adding, deleting or rearranging the machines ugieg More crops by following same steps and adding them
four buttons located between the list of availablel® the table. Modification to the information
machines and the list of selected machines. For th@SSociated with added crop can be done by clicamg

modification of data related to the duration ofthe crop in the table, then pressing the button

performing an operation, the user can click on theMOd'W' Removing a crop and all associated

button below the lists after identifying the recpdr Information can also be done by selecting the crop

machine by clicking on the list of selected machite from the table and then pressing the button "Deélete
Y 9 ) : without affecting the database. When the button
show the dialog form on Fig. 5. The dialog form

ins th £ th 4 th hine keend “Calculate” is clicked in the Fig. 3 the process of
contains the name of the crop and the machine U determining farm energy begins depending on the

date of the beginning and enc_zl of the operatione®at 5 charts (Fig. 6 and 7) for estimating the power
must be in the same year. Objects used for dagesfar requirements and costs of farm operations and
the type “DateTime Picker”. Thus, the dates can bqrrigation, respectively.
Changed by CliCking the ObjeCt which shows a m(}nthl For determining the required energy for
calendar window. As a result, the number of day$ anagricultural equipment, the program depends on
the number of working days depending on the optiongstimating power of tractors and self propelled
weekly leave (none, Friday, or Thursday and Friday)mplements. Figure 6 shows a flow chart to estimate
are calculated. If the user wants to change the dat power value of tractors for each crop in the faaking
the beginning and end of the operation keeping thénto account the crop type, cultivated area, sgietand
period or number of days constant, he/she can moviarm operations. The maximum power for tractors is
the green object that represent the duration ogteft — calculated and used in determining agricultural
through the months of the year indicated in Fig. 5machinery for various farm operations and estingatin
Daily working hours can also be changed withoutfuel and oil consumption.
affecting the database. For determining the required energy to raise the
water, the program depends on estimating power of

[ ——— pumps and stationary engines. Figure 7 shows a flow

o Wheat chart to estimate power values of pumps and statjon
Inprent: Moldbosrd Plow engines for each crop in the farm taking into aotou
b Fb Mo dwl e e Wy An Sm Do Mo D the location, crop type, cultivated area, soil typel
_ - irrigation system.
[orome ] [ ] | Somimmdmmaonnie ot The program takes into account the appropriate

days. Or th
ight or the left

Month/Day/ear Manth/Day/Year

Dates
within

type of irrigation system with the type of crop.€rh
program includes the irrigation systems used indSau

ginving and end of an cperation must be
eat

mover
ey tach

e P farms, which are often spray irrigation, centratqtj
surface irrigation, or drip irrigation in the fielor in
e @ greenhouses. For example, the user can only chese t

surface irrigation or drip irrigation in the caskepalm

trees. But, for the intensive crops such as wheat o

Fig. 5: Modification of data related to the duratiof  barley, the user can chose surface irrigation gysie
performing an operation spray irrigation or central pivot system.
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Farm data: name, Location, .. efc

l

Select:

Crops, area, and soil type
Field operations for each crap

!

Characteristics:
- Speed, tractive efficiency, depth

- Operation perind for each operation
- Equations constants of draft and

power requirements

Database

Speed, tractive efficiency,
depth, period, and equations
constants of draft and power
requirements

!

Modify

Speed, tractive efiiciency, depth, period
far each operation, equations constants.

Crop No. » number of

crans

View Resulis
Required power for gach crop,
Total cost for each crop

| Total cost for each crop = 0 |

¥

Arrange: field operations based on power requirernents, where
the first peration requires higher power such as a primary plow

Machinery sizing

farnext aperations o

witdth

Calculate: wark hours during the season,
effective and thearitical field capacity, and plow

‘ Caleulate: pull, tractive power, and total power ‘

‘ Caleulate: tractor loading factor

¥

Operation Mo, = 1

Tractor sizing

Yes

Calculate: wark hours during the season,
effective and theoritical field capacity, and plow
witdth

‘ Caleulate: pull, tractive power, and fotal power

[ Calculate; Recommende tractor power |

| Tractor loading factor = Reserve factor

| Calculate: fugl and oil consumy

ptions, operation cost. |*—|

| Total crop cost = Total crop cost + operation cost |

]
Operation No. > number of Next aperation
ves operations for the crop No

Fig. 6: Flow chart for estimating the tractors pofar field operations

Farm data: name, Location, .. etc

Select:
Crops, area for each crop
Irrigation system for each crop.

l

Characteristics:

Water reguirement and pump
efficiency for each crop.

Database

Crops water reguirernent
and pump efficiencies

!

Modify
Water requirement.
Pump efficiency.

Crop Mo, = number of
crons

Nol

Calculate: Required Flow rate
based on crop type and
irriggation system.

Mext crop

‘ Calculate: Total head

|

Calculate: Reguired pumps
and engines power far the crop

View Resuls
Reguired purnps power.
Required engines power,
Total cost for each crop

Fig. 7: Flow chart for estimating the power valugs

water pumps and engines
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The program takes into account the total dynamic
head of the pump as a main parameter for calcglatin
the power of the pump. The user enters data for the
depth of water in the well, which represents th@anh
of static head plus the amount of depth of theidecl
due to pumping water, because at the beginningef t
operation of a pump, water level becomes lower
forming a water cone in the well. In addition, thead
required at the beginning of the irrigation syst&m
added (depth is measured in meters). The totdiaxfe
pressures is the total dynamic head necessaryhéor t
pump to meet its operational requirements. Based on
the total dynamic head, the required power valdi¢keo
pump and engine are calculated.

Figure 8 shows the results window of the required
farm energy. The window contains a table of type
“String Grid” consisting of six rows sufficient tsix
crops and increasing the number of rows automdyical
in the event of more crops. The table includes ten
columns: Crop type, pump power, engine power, fuel
consumption for water pumping, oil consumption for
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water pumping, machine name or main operation usethcludes two bars for the crops. When the usekslic
for tractor selection, tractor power, self-propélle on one of the bars with the mouse, the color oftthe
machinery power, fuel consumption for all farm changes from green to blue and the data associated
operations of the crop and oil consumption for allwith it are presented in the fields at the leftesaf the
operations of the crop. There are eight fields welee ~ window. These fields include farm area, crop type,
table which represent the total power values amd fu crop area, the power values of pumps, stationary
and oil consumptions. There are also four fieldsengines, tractors and self-propelled machines and t
showing costs for fuel and oil used for pumpingevat power index values for lifting water and field
and farm operations. The results window also costai operations.
five buttons associated with the power index ofpsto Figure 10 shows the window of farm power index.
farm power index, printing a summary report, prgti It contains a bar chart for of the farm power indélke
a detailed report and viewing the database ofertical axis represents the power index (kW'hand
agricultural equipment. the graph consists of three bars (total power index
Figure 9 shows the window of power index of power index for lifting water and power index farin
crops. It contains two bar charts: Power indexfield  operations). The window also contains nine fields:
operations and power index for raising water. TheFarm area, number of crops, the overall power \wabdie
vertical axis represents the power index (kW'ha the pumps, stationary engines, tractors and self-
while the horizontal axis represents the numbethef propelled machines, the total power index and the
crop. In this example where three crops exist i th power index values for lifting water and field
farm (wheat, alfalfa and palm date trees), the tcharoperations.

Required Farm Energy

Pumps Engines  Fug| Consumption Oil Cansumption Tractors  SeltProbelled  Fusl Consumption  Oil Cansumption

Power Pawer forwater Lt forwater Lt Main Operationused ~ Power Poer for 4l Operations  for &l Operations
Crop [kwd) [l L (i8] for Tractor Selection (k] (k] 18] 1L
Fidheat 29334 38134 25381359 39469 Moldhoard Plow %77 000 341083 4692
[Alalfa 3168 4118 47365.27 12876 Maldboard Plow 238 000 822189 1533
Palm date tizes 552 718 322575 2000 Chisel Plow 663 000 135.92 123
[Tatal | sans4 ][ 4870 |[ s0s004E1 | 65145 7678 [ o0 T ]
[Esst | 70065752 _|[ 386015 T3maes || %

Powet Indes for Craps Farm Powet Indes ‘ Biisf Feport | Detaied Report | View agiculural Equipment Databass ‘
Back

Fig. 8: Results window of the required farm energy

Famreit) Power Indes for Water Lifting
I
heat Crop s1-- BN -
62 Arealhal FENN e
«
E=
Fower (KW for: Z 3T .
293.34 Pumps PEON  EN E
38134 Stationary Engines N .
4677 Tractors
0
0.00 Selfprobelled machin 1 2 3
Crop Mumber Crap humber
Power ndes (K4 /ha) for
615 wiater Lifting
W S Click with the left button of the mouse on ane of the bars of the chart which iepresents a crop
g ield Operations 10 explore the data associated with 1, where its color changes fiom gieen to blue. Back

Fig. 9: Power index of crops
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]
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EEX
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Fig. 10: Farm power index
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Fig. 11: A detailed report of farm energy for th@mple farm (page 1)

Validation of the model: The effectiveness of date trees. The cultivated area covers the enté& af
resultshe farm of 75 ha, where the cultivated areas for
obtained for a number of farms using the programwheat, alfalfa and palm date trees were 62, 7 and, 6
with manually calculated results of the same farmsrespectively. Irrigation systems used for wheat and
One of the farms included in the questionnaire,alfalfa were central pivot systems and drip irrigat
performed for the research project, was used as asystem for palm date trees. The depth of watehén t
of thewells is 100 m. Figure 11-14 show a detailed repbrt
developed program (Fig. 4, 5 and 8-14). The farnfarm energy for the example farm. The program
location is in Hail Region and has a sandy clay. soi proved its effectiveness and ease of use in terins o

software was evaluated by comparing the

example to illustrate the different stages

The farm is used for growing wheat, alfalfa andnpal meeting the purpose of it.
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Fig. 12: A detailed report of farm energy for themple farm (page 2)
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Fig. 13: A detailed report of farm energy for themple farm (page 3)
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Fig. 14: A detailed report of farm energy for themple farm (page 4)
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CONCLUSION ASAE., 2000. ASAE Standards ASAE DA497.4:

Agricultural machinery management data. ASAE,

A computer program has been developed using the St. Joseph, MI 49085-9659, USA. ftp://ftp-
visual language C++ for use in: (a) determining the fc.sc.egov.usda.gov/Economics/Technotes/497_4.p

required energy for assessing the current statterofs df

in terms of energy consumption, (b) future plannifig Baruah, D.C. and B.S. Panesar, 2005a. Energy
modern farms and (c) advisory and educational requirement model for a combine harvester, Part I:
purposes. The program includes a main database Development of component models. Biosyst. Eng.,

composed of nine sub-databases: Tractors, agnialltu 90: 9-25.

machinery, pumps, stationary engines, plantingsjate Baruah, D.C. and B.S. Panesar, 2005b. Energy
soil, operating variables of farm operations, di@ftl requirement model for a combine harvester, Part 2:
power equation constants and water requirements. Integration of component models. Biosyst. Eng.,

The effectiveness of the program was tested by 90: 161-171.

comparing the results of the computer program tigh  Borland Software Corporation, 2006. Borland C++

manually calculated results. The results showetthea Builder 2006. http://wareseeker.com/Software-

program works properly and it has a number of  Development/borland-c-builder-2006.zip/1f56f53ef

advantages: (a) ease of use when dealing with SnpuCamarena, E.A., C. Gracia and J.M.C. Sixto, 2004. A
through interactive windows, (b) ease of addition, Mixed integer linear programming machinery

deletion or modification of the records in the datses selection model for multifarm systems. Biosyst.

and (c) ease of reviewing the program windows and Eng., 87: 145-154.

navigating between them. The program was built withQBS Software, 2006. QuickReport Pro 4.06 package.

50 files to facilitate the future development ofygrart http://www.qusoft.com
of the programs Recio, B., F. Rubio and J.A. Criado, 2003. A dexisi
support system for farm planning using
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