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ABSTRACT 

Linear programming is used to select systems based on minimization of 

total annual cost using aeration devices for pond to give optimum 

oxygen. By linear programming model results, one aerator of the type 

air-injector (0.75 kW) was found suitable for a pond of sizes 0.1, 0.2, and 

0.4 ha by least-cost. Splash aerator (0.75 kW) was found suitable for 

single use for pond of sizes 0.8 ha by least-cost, and suitable in addition 

to diesel paddlewheel (9 kW) for large pond size (3.2 ha). Diesel 

paddlewheel aerators (6 kW and 9 kW) were found suitable for large 

pond sizes (1.6, 3.2, 4.0, and 4.8 ha). Diesel paddlewheel aerators are 

suitable for large ponds under Egyptian conditions.  

Keywords: Linear programming, Aeration devices, Minimization of 

aeration expenses, Fish pond sizes.  

INTRODUCTION 

inear programming (LP) is used in aquatic culture in which many 

of the important water quality parameters are the dissolved gases, 

such as oxygen, carbon dioxide, hydrogen sulfide, ammonia, and 

nitrogen. Forsberg (1996) developed a new approach to the production 

planning problem in fish farms. Production planning problems include: 

the determination  of the optimal number of fry to transfer  into  the 

grow-out  system,  the estimation  of population growth  and production  

costs,  and  the determination  of the optimal  cost feed of fish feed. Data 

needed for the application of linear programming method to least cost 

feed formulation include: (1) nutrient requirements of the animal, (2) 

limits placed on the level of certain feed ingredients, (3) cost of feed 

ingredients, and (4) nutrient and energy content of feed ingredients. 
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harvesting schedule  in order to maximize  profits  from the operation. 

AL-Duwais and Hebicha (1998) used linear programming to gain least 

Aeration, or the addition of dissolved oxygen (DO), is one of the 

processes most commonly used in aquaculture. Aerator design is based 

on the amount of oxygen needed, and the minimum Dissolved Oxygen 

(DO) concentration (Huguenin and Colt, 1989). Small paddlewheels are 

expensive than other electric aerators of similar size because the gear 

motors used in small paddlewheels are very expensive. For this reason 

vertical pumps, propeller aspirators, and diffused-air aerators are better 

suited for small ponds than paddlewheels even though the latter is more 

efficient to operate (Boyd, 1990). Most aerators used in commercial fish 

ponds induce about 13-23 kg of oxygen per hour, under optimal 

conditions. Aerated ponds are usually stocked at 1500 fish/ha, and un 

aerated ponds were are usually at 10000 fish/ha. Maximum daily feeding 

rates of 60 kg/ha were used in un aerated ponds versus 100-130 kg/ha in 

aerated ponds, (Lawson, 1995). 

MATERIALS AND METHODS 

Microsoft Office Excel (2007) was used to solve the linear programming 

models and to get the required results. 

Linear programming model was developed to select optimal aeration 

systems based on minimization of total annual cost.  

Selected aeration devices: 

In the program model, nine aerators, available in Egypt, are used to select 

from, (seven electrical aerators and two diesel-powered). 

Electrical aerators are: (Splash aerator (0.75 kW), Force 7.2 aerator (1.1 

kW), New Brio aerator (0.75 kW), Paddlewheel aerator (0.75 kW), 

Paddlewheel aerator (1.5 kW), Air-injector aerator (0.75 kW), and Air-

injector aerator (1.5 kW)), and diesel-powered (Paddlewheel aerator (6 

kW), and Paddlewheel aerator (9 kW). 

Determining factor used in this process is kilograms of D.O. per night 

fort aerators as the output scale from aeration.  

Table (1) Shows designations for the nine selected aeration devices. 
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Table (1): Designations of selected aerators. 

Symbol Aerator 

X1 Splash (0.75 kW) 

X2 Force 7.2 (1.1 kW) 

X3 New Brio (0.75 kW) 

X4 Paddlewheel (0.75 kW) 

X5 Paddlewheel (1.5 kW) 

X6 
Paddlewheel 

Multi-Impeller (6 kW) 

X7 
Paddlewheel 

Multi-Impeller (9 kW) 

X8 Air-Injector (0.75 kW) 

X9 Air-Injector (1.5 kW) 

Calculations of total cost for aerators: 

Equation used for calculation of the hourly cost is according to (Awady, 

1978), as following:  

C = P/h (1/a + i/2 + t + r) + (W.e) + m/144 

Hourly cost for diesel-powered devices is: 

C = P/h (1/a + i/2 + t + r) + (0.9W.S.F) + m/144 

Where: 

C= hourly cost, L.E/h. 

P= price of machine, L.E, 

h= yearly working hours, h / year, 

a= life expected of machine, year,  

i= interest rate / year, 

t= taxes, over heads ratio, 

r= repairs and maintenance ratio, 

0.9= factor accounting for lubrication, 

W= power, kW for electrical power. 

e= electricity price, L.E/kW.h. 

S= specific fuel consumption (L/ kW.h), 

F= fuel price, L.E. / L, 

m = operator monthly salary, (L.E), 

144 = the monthly average working hours, 

 m/144= monthly wage ratio, L.E,  
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Finally, linear programming models were used to select the most cost 

efficient aerator for different pond sizes, and different amounts of 

aeration. 

From Sadek (2013) in Egypt and from other manufacturers, capital 

prices for the available aeration devices were obtained. Price list, design 

specifications, composition of component parts and photographs were 

obtained of individual aeration devices. 

Useful life of all aerators was assumed 10 years. Interest rate in Egypt is 

taken 6.2%, taxes, over heads ratio is 25%, and repair and maintenance 

ratio was suggested 20% by investors and professors. 

All calculations for devices were to give the total cost of aeration per 

hour or one aeration night (10 hours). 

RESULTS AND DISCUSSION 

The linear programming model for selection of aerators: 

The linear programming was used to select optimal aeration systems 

based on minimization of total annual cost for pond size to give optimum 

oxygen and intensive culture. 

Objective function: 

The total cost of aerators per one operating night (10 hours) is calculated 

by Awady equation for all aerators. The objective function includes the 

cost per selected aerator multiplied by number of devices (xn) with the 

results referring to the combination of optimum choice. 

C = 48x1 + 50x2 + 48x3 + 45x4 + 50x5 + 84x6 + 100x7 + 44.3x8 + 54.6x9 

Where C = the minimum cost of aeration. 

Example to calculate the total cost of one aerator which is 

Paddlewheel (1.5 kW) (x5): 

C = P/h (1/a + i/2 + t + r) + (W.e) + m/144 

C = 4444/3650 (1/10 + 0.062/2 + 0.25 + 0.2) + (1.5 * 0.6) + 500/144 

 

C = 5 L.E/h.  

C = 50 L.E/night. 
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The constraint functions for various pond sizes: 

The constraint function consists of the Standard Oxygen Transfer Rate 

(SOTR) of the combination of the selected aerators times the symbol of 

devices and the total dissolved oxygen that pond needs per night (10 ha) 

for all devices. 

36 x1 + 20 x2 + 21 x3 + 22.7 x4 + 43.9 x5 + 85x6 + 105x7 +  17.1 x8 + 29.5 

x9 ≥ OR 

Which is 36, 20, 21, 22.7, 43.9, 85, 105, 17.1, and 29.5 = SOTR for x1, x2, 

x3, x4, x5, x6, x7, x8, and x9 by one night res. and OR = pond Oxygen 

required by addition 4ppm. The constraints for pond depend on the 

volume of pond. Depth of water in ponds is assumed one meter. By 

calculating the volume of water in the pond, and by knowing the amount 

of dissolved oxygen needed to add per liter of water (ppm), the total 

dissolved oxygen could be calculated. Considering that this amount is 

4ppm. The SOTR is calculated for all aerators per night (10 hours).  

Example illustrating the method of solving linear programming by 

Microsoft Office Excel 2007: 

Target function: to minimize the aeration cost using numbers: z1, z2, and 

z3 of aerators of the different types: 

3z1 + 2z2 + 4.5z3 = minimum…………….(1) 

Where, the values 3, 2, and 4.5 are the relative values of aeration 

expenses for each device. 

The constraints of the system include the following relations: 

36z1 + 30z2 + 40z3 ≥ 16…..(2),  z1, z2, z3  ≥ 0… (3). 

Where, 36, 30, etc.. are the aeration O2 productivities of each device, 

reap., in kg/night. 16 = oxygen requirement for area of 10 ha (kg/night). 

The solution by Excel 2007: 

The filling of cells in the Excel working sheet, we resort to the "solver" 

subprogram, as, shown in Fig. (1). In this program, the target function is 
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set as minimum, the constraints are set as in corresponding cells in the 

work sheet. Then, the results of z1, z2, and z3 numbers, that yield the 

target function are read out. 

Step 1:Fill in with the data. Step 2: Data / Solver, Fig (1). 

 

Fig (1), data/ solver. 

Step 3:The final result show the number of devices used to yield least 

cost. 

From the result we find that z2 yields 1 device for the selected pond (of 

10 ha) 2 L.E with a minimum cost of. 

The method of calculation includes least-cost aerators for this pond size 

to add 4 ppm of dissolved oxygen during 1 night and by calculating the 

total cost for all aerators and knowing the SOTR for these aerators also. 

The linear programming model is used after that to calculate the least 

cost. 

The amount of oxygen that must be added to a pond during the night will 

vary depending on phytoplankton population, feeding rates and 

biochemical oxygen demand (BOD), among other things. Least-cost 

aeration systems were selected, based on addition of 4 ppm (mg/l) of 

dissolved oxygen for the pond sizes: from (0.1 to 4.8 ha). 

The results of linear programming to select optimal aeration 

systems: 

Table (2) shows the results of linear programming to select optimal 

aeration systems for various pond sizes. 

The linear programming solution was by Excel (2007). Objective 

function was put in horizontal cells, and constraint functions were put 



BIOLOGICAL ENGINEERING 

Misr J. Ag. Eng., October 2013                                                            - 1161 - 

also in horizontal cells under objective function. The horizontal cells 

results of the device numbers were set to zero before solution. 

Linear programming rules were used by "Excel Solver" for the data work 

sheet. By solving observed three types of results, the first is the selected 

devices, the second is the resulting least-cost, and the third is the SOTR 

produced by the selected devices. 

Table (2): The results of linear programming to select optimal aeration 

systems for various pond sizes at 4 ppm of oxygen added. 

Pond size (ha) Aerators types 
Aerators 

numbers 

Least-cost 

(L.E)/night 

0.1 
(X8)  Air-Injector 

(0.75 kW) 
1 44.3 

0.2 
(X8)  Air-Injector 

(0.75 kW) 
1 44.3 

0.4 
(X8)  Air-Injector 

(0.75 kW) 
1 44.3 

0.8 
(X1)  Splash 

(0.75 kW) 
1 48 

1.6 
(X6)  Paddlewheel 

(6 kW) 
1 84 

3.2 

(X1)  Splash 

(0.75 kW) 
1 

148 
(X7) Paddlewheel 

(9 kW) 
1 

4.0 

 

(X6)  Paddlewheel 

(6 kW) 

2 

 
168 

4.8 
(X7) Paddlewheel 

(9 kW) 
2 200 

These results show the least-cost aerators for varying pond sizes to add 4 

ppm of DO to one pond during 1 night (10 hours). These results were 

obtained by solution of linear programming model by Microsoft Excel, 

2007. 
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Diesel paddlewheel aerators are very appropriate for large pond sizes. 

For this we recommend the paddlewheel aerators for large ponds. 

We recommend using linear programming for aeration problems because 

it is a technique for optimization of a linear objective function, subject to 

linear equality and inequality constraints. Linear programming 

determines the way to achieve the best outcome (such as maximum profit 

or lowest cost) in a given mathematical model. Some requirements are 

represented as linear equations. 

SUMMARY AND CONCULSION 

According to linear programming results, one aerator of the type air-

injector (X9, 0.75 kW) is needed for a pond of sizes 0.1, 0.2, and 0.4 ha 

by least-cost equal to 9.27 L.E. This selection provides 17.1 kg O2 per 

night, but pond needs only 4.2, 8.4, and 16.8 kg O2 respectively. 

Splash aerator (X1, 0.75 kW) is suitable alone for pond of size 0.8 ha by 

least-cost equal to 48 L.E, and suitable with paddlewheel aerator for pond 

of size 3.2 ha by least-cost equal to 148 L.E. 

Diesel paddlewheel aerators (6 kW and 9 kW) are used for large pond 

sizes (1.6, 3.2, 4.0, and 4.8 ha). This refers to diesel paddlewheel aerators 

suitable for large ponds under Egyptian conditions. 

Diesel paddlewheel aerators are very appropriate for large pond sizes. 

For this we recommend the paddlewheel aerators for large ponds. 

The air-injector aerator was selected for smaller pond sizes because 

capital investment and annual depreciation charges per kg of induced 

oxygen were significantly lower than for other types. 

Operating cost per kg of oxygen induced was also slightly lower for the 

air-injector models than for other low-power aerators. 

We recommend using linear programming for aeration problems because 

it is a technique for optimization of a linear objective function, subject to 

linear equality and linear inequality constraints. Linear programming 

determines the way to achieve the best outcome (such as maximum profit 

or lowest cost) in a given mathematical model. Some are requirements 

are represented as linear equations. 

http://en.wikipedia.org/wiki/Optimization_(mathematics)
http://en.wikipedia.org/wiki/Linear
http://en.wikipedia.org/wiki/Objective_function
http://en.wikipedia.org/wiki/Linear_equality
http://en.wikipedia.org/wiki/Linear_inequality
http://en.wikipedia.org/wiki/Constraint_(mathematics)
http://en.wikipedia.org/wiki/Mathematical_model
http://en.wikipedia.org/wiki/Optimization_(mathematics)
http://en.wikipedia.org/wiki/Linear
http://en.wikipedia.org/wiki/Objective_function
http://en.wikipedia.org/wiki/Linear_equality
http://en.wikipedia.org/wiki/Linear_inequality
http://en.wikipedia.org/wiki/Constraint_(mathematics)
http://en.wikipedia.org/wiki/Mathematical_model
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 الملخص العربً

 لمزارع السمكيتالتهىيت لختيار أجهزة لإالبرمجت الخطيت 

محمذ نبيل العىضً
1
محمذ عبذالمجيذ جنيذي ، 

2
سمير احمذ علً ،

3
، 

محمذ عبذالباقً 
4

وليذ محمذ الشىربجً ، 
5

 

انثشيدح  اسرخذاو ْٕ زيث أٌ انٓذف انشئيسي. يصش انًرازح في انرٕٓيح أخٓضج ذكهفح زسثد

. زيث انرٕٓيح انًطهٕتح تأقم انركانيف انًًكُحانًثانيح انرٗ ذؼطٗ  أَظًح انرٕٓيح نرسذيذ انخطيح

( نكم خٓاص ثى يرى زساب َسثح الأكسديٍ SOTR)كسديٍ لااانقياسي لإَرقال ًؼذل انيرى يؼشفح 

ٔيرى رنك أيضا ػٍ طشيق ذسذيذ كًياخ  ،ساػاخ( 01انًرازح يٍ كم خٓاص خلال نيهح ػًم )

نكٗ يرى   اسع انًطهٕب نٓا ذٕٓيحضانًْزِ انفرشج نكم زدى يٍ أزداو الأكسديٍ انًطهٕتح فٗ 

 . (4ppm)يهيدشاو أكسديٍ نكم نرش  4ذضٔيذْا تُسثح أكسديٍ 

( بالترتيب: أستار متفرغ  وأستار مساعذ، قسم الهنذست الزراعيت، كليت الزراعت، جامعت عين 2، ))1)

أستار مساعذ بقسم الأنتاج  )4 (أستار بقسم الهنذست الزراعيت، كليت الزراعت، جامعت بنها. )3 (شمس.

 منحت بحثيت بأكاديميت البحث العلمً والتكنىلىجيا، القاهرة. )5 (الحبىاني، كليت الزراعت، جامعت عين شمس.
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( air-injector)  (kW 0.75)زاقٍ انٕٓاء خٓاص ٔازذ يٍ َٕػيح  ،طثقا نُرائح انثشيدح انخطيح

ْا( زيث ْزا اندٓاص يًذ تكًيح  1.4 ٔ 1.0نهًضاسع انرٗ ذرشأذ أزدايٓا يا تيٍ )يُاسة 

ْزِ  تيًُا ذسراج ،ساػاخ( 01كح اكسديٍ خلال فرشج ػًهّ انًقذسِ ) 0..0اكسديٍ ذقذس 

 كح أكسديٍ(.  1..0 ٔ 4.4انًضاسع كًياخ أكسديٍ ذرشأذ تيٍ )

ٔأيضا  ،ْا 1.1( يُاسة نًضسػح تسدى splash aerator) (kW 0.75)يؼرثش يٕٖٓ انشرار 

 ْا. 2.4يُاسثا تالإضافح ندٓاص انثذال تانُسثح نًضسػح تسدى 

 kWو تذال انذيضل )اانسدى انكثيش زيث اسرخذتيُاسثح نهًضاسع ( kW ٔ 9 6)تذالاخ انذيضل 

ذى اخرياسْا نًضاسع تسدى kW  9) ْا. ٔانثذالاخ ) 4.1 ٔ ..0( ذى اخرياسْا نًضاسع تسدى .

اٌ تذالاخ انذيضل يُاسثح نهًضاسع كثيشج انسدى ذسد يثم ْزِ  ، ْٔزا يشيش انْٗا 4.1 ٔ 2.4

  .انظشٔف

نهًضاسع صغيشج انسدى ٔرنك يشخغ لإَخفاض سأط انًال انخاص  يٕصٗ تاسرخذاو زاقٍ انٕٓاء

تاسرخذاو تذالاخ   يٕصٗكًا   ،تّ ٔيُاسثح كًياخ الاكسديٍ انخاسخح يُّ لأزداو ْزِ انًضاسع

  .كثيشج انسدى نهًضاسع) kW 6 ٔ 9انذيضل )

َٕصي تاسرخذاو انثشيدح انخطيح نهًشاكم انًرؼهقح تاخرياس أخٓضج انرٕٓيح فٗ انًضاسع انسًكيح 

زيث  ؛لأَٓا ذقُيح نهٕصٕل انٗ الاخرياس الأيثم نذانح انٓذف انخطيح، تُاءا ػهٗ انقيٕد انًطشٔزح

ػٍ طشيق ٔضغ ق انثشيدح انخطيح أفضم انُرائح )يثم ذؼظيى انشتر أٔ ذذَيح انركانيف( ذسق

 .ًَٕرج سياضي يؼيٍ انًشكهح فٗ

 

 

 

 


