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ABSTRACT 
The purpose of the present study was to compare the indices of energy and economy in 
one- and two- harvest per year methods of fish farming in Khouzestan province, Iran. 
Accordingly fish farming projects In the cities of Ahvaz and Shushtar were considered as 
the statistical community. Given the selection of factorial-arranges design for this study, 
thirty six projects, out of fish farming projects in these two cities with the emphasis on 10-, 
20- and 40-acre projects, were selected and consequently the information related to energy 
consumption rate and economy indices were gathered through interview, observation and 
questionnaire. Based on the results of this study, there was a significant difference between 
1- and 2-harvest methods concerning each variable of efficiency, energy ratio and net 
added energy. The highest and lowest amounts of energy efficiency was resepectively seen 
in 20-acre projects of 2-harvest method in Shushatr and in 10-acre projects of 1-harvest 
method in Ahvaz. The highest and lowest energy ratio was respectively seen in 10- and 20-
acre projects of 2-harvest method in Shushtar and 10- and 20-acre projects 1-harvest 
method in Ahvaz. Regarding the net added energy, the highest and lowest amount was 
respectively found in 10-acre projects of 1-harvest method in Shushtar and in 40-acre 
projecs of 2-harvest in Ahvaz. Whereas there was a significant difference between 1- and 2-
harvest method in current net value and internal efficiency rate, there was no significant 
difference for the index of benefit-to-cost. The highest and lowest amount of current net 
value was respectively seen in 40-acre projects of 2-harvest method in Ahvaz and Shushtar 
and in 10- and 20-acre projects of 1- and 2-harvest method in Shushtar. The highest and 
lowest amount of benefit-to-cost was respectively found in 10-acre projects of 2-harvest 
method in Shushtar and in 20-acre projects of 2-harvest method in Shushtar. The highest 
and lowest amount of internal efficiency rate was respectively seen in 40-acre projects of 
2-harvest method Ahvaz and in 10-acre projects of 2-harvest method in Shushtar. 
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INTRODUCTION 

 

 Worldwide aquaculture production has reached 20.1 million tons annually and meets 40% of the world 

fishery supply (FAO). To meet future demands for food fish, aquaculture production must increase by 50 

million tons by the year 2050 (Bozoglu  et al. 2009). World statistics showed that the consumption per capita of 

fish foods reached a peak of 20 kilogram per year in 2010 (www.worldfood .ir). Due to low production from 

international capture fisheries because of fish supply limitation and world population growth, the importance of 

fish production from aquacultures has risen dramatically in recent years. 

 In Iran, there was about 51272 hectare fish farms producing just over 338800 tons, 40% of total fish 

production, at the end of 2012 (Amarnameh Shilat). The vast majority of Aquacultures (90.9%) were allocated 

to warmwater fishes which were grown in 46587 hectare of aquaculture farms resulted in 154465 tons of fish by 

2012. The main warmwater fish species grown in Iran are common Carp (Cyprinus carpio) constituting just over 

90% of the total warmwater  fishes production in 2012 (www.maj.ir). Common Carp fishes are also ranked as 

the second most common species of aquaculture farms throughout the world (Hatirli  et al. 2005). Khoozestan 

province which currently has many aquaculture farms in Ahwaz, Shosh, Shoushtar, Khorramshahr and Abadan 

area produced more than 26% of overall warmwater fishes in Iran in 2012. From 2002 to 2012, common Carp 

http://www.maj.ir/
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species production in Khoozestan province increased by 74.9% and is expected to continue increasing in the 

future (Amarnameh Shilat).    

 The use of intensive inputs in agriculture and access to plentiful fossil energy has provided an increase in 

food production and standard of living. However, some problems in agricultural production are mainly due to 

the high level of dependency on fossil energy. The problems with the use of fossil energy came into focus 

during the oil embargo of 1973 and the subsequent increase in energy prices [Ozkan, 2006]. In Iran, total energy 

consumption was about 1.90 million barrels in 1971 and it rose considerably to 4.7 million barrels in 2001. As 

regards to the rate of domestic energy consumption, it is predicted that Iran will be an oil importer in the year 

2018 (www.iea.org). Therefore, efficient use of the energy resources is indispensable in terms of increasing 

production, productivity, competitiveness of agriculture as well as sustainability of rural living.  

 Energy, economy and environment, which are called as 3Es, are the three interdependent parameters which 

we should consider when assessing any agricultural system. Energy use patterns and the contribution of energy 

inputs vary depending on farming systems, crop season and farming conditions. Nowadays, fish farming sector 

has become more energy-intensive in order to supply more food to increasing population and provide sufficient 

and adequate protein. However, considering limited natural resources and the impact of using different energy 

sources on environment and human health, it is substantial to investigate energy use patterns in aquacultures.  

 Energy auditing is one of the most common approaches to examining energy efficiency and environmental 

impact of the production system. It enables researchers to calculate output–input ratio, relevant indicators, and 

energy use patterns in an agricultural activity (Ozkan,2006). In addition, financial assessments are vital to justify 

acceptable economic efficiency and energy productivity simultaneously in any agricultural production system.A 

number of studies have been conducted on different fish production energy use and energy input-output analysis 

in Indonesia, China and Turkey.In all of these related studies, energy ratio (energy use, efficiency) and energy 

productivity were measured. However, none of these studies report energy auditing and productivity in 

aquacultures in Iran. Moreover, the fish production systems were analyzed by Takon, 1987 from economic point 

of view in separate studies and Rezaii  et al., 2007 investigated economic indices in salmon production system 

in Ilam province, Iran .The main objective s of the present study were to investigate the effect of regional 

distribution of aquacultures, area of aquacultures and the number of fish harvesting per year on energy indices 

and economic efficiency of Carp species production systems in Khuzestan province, Iran . Prior to these 

purposes, the main indicators of energy equivalent inputs and amounts produced were calculated through an 

energy auditing study.  

MATERIAL AND METHODS 

 

2.1. Regional description: 

 In this study, Khuzestan province as a main warmwater fish production area in Iran was selected for energy 

and economic analysis. Khuzestan province is located in south-west of Iran within 47° 37’ - 50° 39’ longitude 

and 29° 57’ - 33° 00’ latitude (www.GIS.ir). The average annual temperature of the research area is 29°
C
 

(www.irrimo.ir).   

 

2.2. Data collection and statistical analysis: 

 Data were collected randomly from 36 fish producers in the towns of Ahwas, and shoushtar in Khuzestan 

province via face-to-face surveys. The questionnaire was structured using our research objectives, and the views 

of experts in the international and national literature. Regarding our objectives, we selected fish farms according 

to the nested-factorial experimental design. Research factors were zones (Ahwaz, Shoushtar), size of 

aquacultures (10, 20 and 40 hectare) and harvesting system (one time per year and two times per year) 

respectively. Each treatment was repeated 3 times and grouped in the mentioned design. Farm-level data were 

numerically coded, entered into a database, and analyzed using Mstatc for Windows. Analysis of variance and 

Duncan comparison of mean test tables were used to analyze the characteristics of the aquaculture farms. 

 

2.3. Analytical framework: 

 The analytical framework consists of three approaches: (a) an accounting approach that provides some basic 

measures of energy productivity, and net energy balance; (b) a financial analysis; and (c) an econometric 

estimation of the fish yield and energy inputs. The details are as follows. 

 

2.3.1. Energy Auditing: 

 In order to quantify energy consumption from the case study farms selected, following methodology was 

selected for performing energy audit (Tamara): 

1. Determine a boundary around the particular process to be evaluated. 

2. Identify and quantify all inputs and output crossing the boundary. 

3. Assign energy values to all inputs, including both direct and indirect inputs. 

http://www.iea.org/
http://www.gis.ir/
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 The input energy was divided into direct and indirect energies. Indirect energies included energy embodied 

in fertilizers, pesticides, feeds, lime, and machineries while direct energy enveloped electricity, diesel, human 

labor, and water used in fish production systems. All inputs were quantified and converted to an energy 

equivalent using values from current literatures. These values and the sources are shown in table 1.The energy 

input amounts per hectare were determined and multiplied by the energy equivalent quotient. The energy 

equivalents of all inputs were reported in mega joule (MJ) units. Total input equivalents were calculated by 

summation of energy equivalents.. Energy indices such as energy productivity and net energy gain were 

calculated as followed equations: 

Energy ratio = Output energy (MJha
-1

) / Input energy (MJha
-1

) 

Energy productivity = Fish yield (kgha
-1

) / Energy input (MJha
-1

) 

Net energy gain = Output energy (MJha
-1

) – Input energy (MJha
-1

) 

 

2.3.2. Financial analysis: 

 Financial analyses of collected data provided gross return, net return, net present value, benefit to cost ratio 

(B/C ratio) and internal rate of return. Outlines the indicators presented in table 2. In order to compute and 

assess economical indices Excel software was used. 

 

RESULTS AND DISCUSSION 

 

3.1. Input and output energy analysis of different aquaculture systems: 

 table 3 shows the energy value for inputs and output of different aquaculture systems.  

 
 

Table 1: Energy Equivalents of inputs and outputs in agricultural production. 

Item unit Energy Intensity (MJ/ unit) Refrence 

Human labor h 1.96 (10) 

Fuel Li 56.31 (18) 

Electricity kwh 3.6 (17) 

Tractor kg 93.61 (11) 

Machinery kg 62.7 (17) 

Farmyard manure Kg 0.3 (15) 

Poultry manure kg 0.3 (9) 

Lime kg 0.31 (6) 

Phosphate kg 12.44 (12) 

Nitrogen kg 66.14 (17) 

Chemicals Li 120 (12) 

Alfalfa kg 2.5 (9) 

Wheat kg 14.7 (10) 

Barley kg 14.7 (10) 

Fish kg 8.3 (16) 

 

Table 2: Equations of financial analysis [20]. index 

 Equation Detail of justification 

Net Present value (NPV)  

The project is economically justifiable 

if:  

Break-even point if:NPV=0 

The project is not economic 

if:  

Benefit to cost ratio  

The project is economically justifiable 

if: 

Break-even point if: : 

The project is not economic if: 

: 

Internal rate of return(IRR)  

The project is economically justifiable 

if:  

Break-even point if:  

The project is not economic 

if:  

*R is opportunity cost. This cost in its safest mode, is equal to the current banking interest. 
TR=total revenue ($/m2), VC=variable cost of production ($/m2), TC=total cost ($/m2),Bt=Benefit ($/m2), Ct=Cost ($/m2), i=least 

acceptable interest, t= number of time (year) 
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Table 3: Comparison of the mutual effects of region, number of harvests, and pool surface area on inputs, the total input and output energy. 

Geografic

al 

Region 

harvest 

Farm 

area 

m 2 

 

Huma

n labor 

Fuel 
Electri

city 

 

Farmy

ard 

manur

e 

 

Poultr

y 

manur

e 

Lime 

 

Phosph

or 

 

 

Nitrog

en 

 

Chemica

ls 

Alfal

fa 

 

Barle

y 

 

Input 

 

 

Outp

ut 

 

  
1000

00 
0.57a 1.64a 3.43a 0.925a 0.205a 

0.35

3a 
0.785a 4.46a 0.46a 

10.5

3a 
60.5a 21.43c 

3.35

8a 

 
one 

harvest 

2000

00 
0.44bc 1.45a 2.95a 0.97a 0.203a 

0.31

7a 
0.743a 4.54a 0.427a 

10.1

1a 
57.6a 21.27c 

2.93

5a 

ahvaz  
4000

00 
0.49b 1.62a 2.67a 0.959a 0.207a 0.36a 0.81a 4.57a 0.467a 10.7a 57.7a 20.46c 

3.32

7a 

  
1000

00 
0.39c 1.78a 2.82a 0.588a 0.148a 

0.22

7a 
0.823a 4.14bc 0.613a 8.59a 59.6a 33.04a 

5.57

a 

 
two 

harvest 

2000

00 
0.33d 1.57a 2.45a 0.586a 0.149a 

0.22

3a 
0.822a 4.17bc 0.563a 8.22a 62.1a 

31.99a

b 

5.41

3a 

  
4000

00 

0.36c 

 
1.8a 2.68a 0.622a 0.149a 0.21a 0.805a 3.31c 0.587a 7.74a 59.7a 32.35a 

5.80

2a 

  
1000

00 
0.43bc 1.37a 3.44a 0.863a 0.224a 

0.09

2a 
0.577a 3.3c 0.175a 10.9a 61.1a 20.41c 

2.82

5a 

 
one 

harvest 

2000

00 
0.38c 1.33a 3.40a 0.845a 0.210a 

0.09

6a 
0.603a 3.57c 0.187a 

10.4

1a 
58.9a 20.75c 

3.13

2a 

shushtar  
4000

00 
0.38c 1.35a 3.41a 0.872a 0.193a 

0.13

5a 
0.6a 4.23b 0.177a 10.4a 61.6a 19.24c 

3.02

8a 

  
1000

00 
0.39c 1.43a 3.09a 0.63a 0.106a 

0.12

3a 
0.807a 4.15bc 0.267a 9.54a 59.1a 29.12b 

5,66

7a 

 
two 

harvest 

2000

00 
0.35d 1.35a 3.15a 0.600a 0.138a 

0.10

6a 
0.76a 4.24b 0.313a 9.47a 57.1a 28.87b 

5.51

6a 

  
4000

00 
0.38c 1.41a 3.16a 0.570a 0.102a 

0.12

7a 
0.821a 4.11bc 0.317a 9.2a 60.6a 29.63b 

5.65

7a 

 

Table 4: Comparing the means of the interaction of the effects of all factors on energy ratio, net energy gain and interest rate. 

Geografical  Region 

 
harvest Farm area m 2 Energy productivity Net energy gain Energy ratio 

ahvaz 

one harvest 

100000 m 2 0.018d 177417 a - 0.156c 

200000 m 2 0.019cd 
3558831f- 

 
0.159c 

400000 m 2 0.02c 
6752556 j -

 
0.171bc 

two harvest 

100000 m 2 0.019cd 
2710839 d -

 
0.174bc 

200000 m 2 0.022b 
5076516 h- 

 
0.188ab 

400000 m 2 0.022b 
10560073 l- 

 
0.187ab 

shushtar 

one harvest 

100000 m 2 0.02c 
1692891 b- 

 
0.166c 

200000 m 2 0.018d 
3455113 e- 

 
0.156c 

400000 m 2 0.02c 
6369142 i -

 
0.170bc 

two harvest 

100000 m 2 0.024a 
2357346 c -

 
0.198a 

200000 m 2 0.025a 
4558061 g- 

 
0.203a 

400000 m 2 0.022b 
9913261 k -

 
0.188ab 

 
Table 5: Evaluation of variable costs, revenues, and gross profit in harvesting methods, pond area and studied area. 

Geografical 

Region 
harvest 

Farm 

area 

m 2 

Cost 

m 2 

Income 

m 2 

Gross 

Profit 

m 2 

Costs at all 

levels 

Income at all 

levels 

Gross profit at 

all levels 

  100000 0.35676 1.02396 0.6672    

 one harvest 200000 0.63596 1.2952 0.65924 
0.5362 

 
1.2212 

0.685 

 

ahvaz  400000 0.61596 1.3446 0.72864    

  100000 0.96828 2.41564 1.44592    

 two harvest 200000 0.96872 2.46216 1.49344 
0.9550 

 

2.475 

 

1.5202 

 

  400000 0.92832 2.54824 1.61992    

  100000 0.23904 0.77696 0.53792    

 one harvest 200000 0.57148 1.23812 0.66664 
0.4682 

 

1.0932 

 

0.625 

 

shushtar  400000 0.59412 1.2648 0.67068    

  100000 0.88392 2.50032 1.6164    

 two harvest 200000 0.89824 2.5008 1.60256 
0.881 

 

2.480 

 

1.598 

 

  400000 0.86192 2.43956 1.57764    

 

3.3. Energy Evaluation: 

 The inputs used during each production cycle with one or two harvests and, then, the total energy 

consumption in the production cycle were calculated.  The highest percentages of energy consumption were 

those related to barley (62.7 and 60.8%), energy required to circulate water in the pond (14.1 and 12.5%), and 

green fodder (10.8 and 9.74%) in the once- and twice- harvested ponds per year, respectively.As shown in Table 
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3, no inputs, except for human labor, nitrogen and energy input, had significant impacts, and all of the means 

were in a same range. In the case of human labor, nitrogen, and energy input, the once-harvested ponds showed 

higher means than twice-harvested ponds. This is due to intensive use of labor and nitrogen in the once-

harvested ponds in Ahwaz.  As for output, the studied areas with the once- or twice- harvested ponds were not 

different, and the calculated output data was in the same range. The overall energy consumption showed that 

electricity, fuel, seeds and nitrogen had the greatest impact on increasing or reducing energy consumption. In the 

twice-harvested ponds, the reduced use of seeds, pesticides, and other inputs, and the increased production, 

increased productivity in addition to compensating for the additional energy consumption compared to the once-

harvested ponds. 

 It must be mentioned that the existence of an irrigation network near the ponds is a key factor in reducing 

electric energy and diesel fuel consumption. This was tangibly observed in Shushtar due to the use of these two 

types of energy sources to transfer water, which was the main factor for the changes in energy input. Energy 

output, as the most important factor and the indicator of the performance of the system in converting consumed 

energy into the desired form, was significant only in the number of harvests, which shows the direct and positive 

impact of increasing the number of harvests on improving performance with respect to the quantity of produced 

fish. Table 3 shows ANOVA of the conversion coefficient, energy ratio, net energy input, and energy 

productivity. According to the results, all energy indices had significant effects on the number of harvests and 

on the interaction of the effects of the region, the number of harvests, and the pond surface area at the 

significance level of 1%. The mutual effects of the region and the pond surface area, and the interaction of the 

effects of the region, the number of harvests, and the pond surface area on all of the indices were significant. 

 After calculating the energy output and input in the different treatments, all three indices studied in the 

research were calculated and the results presented in Table 4. According to this table, fish farming in ponds in 

Shushtar increased energy ratio. Considering the definition of energy ratio, which is the ratio between the 

calories in the output products, and represents the quantities of consumed production inputs and, in fact, shows 

the effect of one unit of energy input on achieving the goals of the consumers, we can say that fish farming in 

the ponds in Shushtar increased energy output. The trend in the energy ratio in the two cities was the same, and 

the number of harvests had greater effect on reducing or increasing energy ratio. 

 Among the studied treatments, the twice-harvested ponds in the two cities showed the highest energy ratio, 

and those with one harvest the lowest. The highest energy ratio was observed in the forty-hectare ponds, which 

could be due to reduced energy input together with uniform production. Ten- and twenty-hectare ponds had 

lower means and ranked next. Comparison of the means of the mutual effects of energy ratio and region at 

various levels showed that region had greater effect on energy ratio so that all of the treatments in Shushtar had 

the highest energy ratios. Among the treatments of the fish ponds in Ahwaz, those with 10-hectare surface areas 

showed the lowest energy ratios.The effects of the sources of change on the net energy gain were significant. 

Moreover, results obtained from comparing the means of the number of harvests and also the mutual effects on 

the net energy gain showed that fish farming in Shushtar was accompanied by less energy loss: the energy gain 

in the ponds of Shushtar was about -81736 compared to the ponds in Ahvaz.  Since net energy efficiency is 

calculated as the difference between gross energy production and total energy requirement in production, we can 

say that net energy efficiency had a direct correlation with production capacity. In other words, this index had 

higher values in treatments with higher production capacities. 

 Therefore, fish farming in Shushtar increased energy converted to the desired form. It must be mentioned 

that net energy efficiency is negative in most cases because a small portion of energy is converted into the 

desired form and most of the energy consumed in the form of production factors is lost. The lowest net energy 

gain was observed in Shushtar. In addition, once-harvested ponds showed lower net energy gains due to 

increased energy input. The highest net energy gain was observed in the twice-harvested ponds in Ahwaz. 

 The effects of the surface areas in fish farming ponds were investigated. Results showed increases in 

surface area reduced net energy gain, with the highest and lowest net energy gain found in 10-hectare and 40-

hectare ponds, respectively. Moreover, this increasing trend was directly related with the surface area, and the 

lowest net energy gain was observed found in 10-hectare ponds in Ahwaz. Energy productivity index is one of 

the most important factors in energy studies conducted in the agriculture sector. It must be noted that energy 

productivity is an index that indicates product produced per unit of energy input. To improve energy 

productivity in producing a product, energy consumption in the form of production inputs can be reduced or 

performance can be improved. 

 Given the significant effect of the number of harvests on energy productivity, we can say that increased 

energy productivity in fish farming ponds in Shushtar was greater than in Ahwaz. This increased energy 

productivity was achieved through improved production or reduced input consumption at a constant production 

level. Obtained results are in total agreement with energy ratio, and the number of harvests is the major factor in 

changes in productivity resulting from the mutual effects of these two factors. According to Table 4, the highest 

energy productivity was found in twice-harvested  ponds in Shushtar, followed by the twice-harvested ponds in 

Ahwaz that were in the ab class, while the lowest energy productivity was observed in the once-harvested 
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ponds. Comparison of energy productivity of ponds with different surface areas showed that fish farming in 40-

hectare ponds increased energy productivity compared to 10- and 20-hectare ponds. Comparison of the means of 

the mutual effects of each factor in the various treatments showed that we could say fish farming in Shushtar 

had a greater impact on energy productivity compared to Ahwaz. 

 

3.4. Economic Evaluation: 

 Evaluation of the economic indices in once- and twice-harvested ponds indicated the value of unit of energy 

used in the different treatments. Results concerning costs, revenues, and gross profit in once- and twice-

harvested ponds showed that, despite the higher costs in twice-harvested ponds, these ponds could increase 

revenues and, thereby, gross profit, considerably. Table 5 shows the costs and revenues in all of the studied fish 

farming projects. According to this table, twice-harvested ponds increased costs and revenues by 10400 and 

33,013 rials, respectively. Given the costs and revenues, the mean gross profits in twice- and once-harvested 

ponds were 38,982 and 16,376 rials, respectively. Twice-harvested ponds increased gross profit by 22,606 rials 

compared to ponds harvested once a year. 

 

3.4.1. Net Present Value (NPV): 

 According to the results, the net present value of twice-harvested ponds was higher than that of the once-

harvested ponds. This index was positive for all interest rates and both methods of harvesting, and all fish 

farming projects were economically justifiable at interest rates of 12, 14, 17, and 24 percent. The fish farms in 

Shushtar showed higher NPVs compared to those in Ahwaz. The highest NPV was that of 40-hectare ponds that 

were harvested twice each year. 

 

3.4.2. Benefit to Cost Ratio (BCR): 

 The BCR was calculated for interest rates of 12, 14, 17, and 24%. According to the results, as interest rate 

increase, BCR decreased. The highest BCR was found in twice-harvested ponds of Shushtar. It must be 

mentioned that BCR was always higher than one at all interest rates in both once- and twice-harvested ponds. As 

a result, all projects were economically justified. The highest BCR was that of 10-hectare ponds in Shushtar that 

were harvested once or twice per year and that operated at the interest rate of 12%. Obtained results showed 

twice-harvested ponds failed to make a significant change in BCR and only 10-hectare ponds enjoyed the 

highest BCRs. Accordingly, the lowest BCR was that of 20-hectare ponds that were harvested once or twice per 

year. 

 

3.4.3. Internal Rate of Return (IRR): 

 According to calculations, the internal rates of return for the once-harvested ponds in Ahwaz and Shushtar 

were 18.86 and 18.16%, respectively. The corresponding values for the twice-harvested ponds were 31.82 and 

34.16% for Ahvaz and Shushtar, respectively. The IRRs for once-harvested ponds with different surface areas 

were calculated, and it was found the IRRs for 10-, 20-, and 40-hectare ponds were 17.25, 15.47, and 22.81%, 

respectively. The corresponding rates for the twice-harvested ponds were 34.16, 29.13, and 38.46% for the 10-, 

20-, and 40-hectare ponds, respectively. The internal return rates of once- and twice-harvested ponds were 18.51 

and 33.01%, respectively. 

 

4. Conclusions: 

 Based on obtained results, we can say that the largest differences among the sources of change were caused 

by the number of harvests and the region. The energy output, as the most important factor and the indicator of 

the performance of the system in converting the consumed energy into the desired form, was only significant for 

the number of harvests per year. This showed the direct and positive influence of increased number of harvests 

on improving performance in fish farming. The energy inputs per square meter in twice- and once-harvested 

ponds were 30.97 and 20.46 MJ, respectively, which showed a 51% increase in energy consumption in twice-

harvested ponds. The twice- and once-harvested ponds were able to generate 5.80 and 3.08 MJ per square meter, 

respectively. Therefore, twice-harvested ponds increased energy output by 88%.The 51% increase in energy 

input in twice-harvested ponds was able to increase production by 88% at the end of farming cycle. Results 

show that in fish farming in Shushtar less energy (about -81736 net energy gain) was lost compared to Ahwaz. 

The highest and lowest net energy gain was found in 10- and 40-hectare ponds, respectively, and twice-

harvested ponds reduced net energy gain. In addition, an increase in surface area reduced net energy gain in the 

various studied fish farming projects. 

 Results of the research indicated productivity in twice-harvested ponds was about 0.0225, while that of the 

once-harvested ponds was 0.019.  Economic indices in fish farming in the two regions in once- and twice-

harvested ponds showed all fish farming projects made reasonable profits, with twice-harvested ponds enjoying 

higher profits compared to once-harvested ponds.  The reason for this was the greater production per unit area, 

and the possibility of offering the product in the first half of the year when prices are higher. The overall 
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economic indices including NPV, BCR, and IRR at interest rates of 12, 14, 17, and 24% indicated twice-

harvested ponds had the highest values of the mentioned indices. Moreover, once-harvested ponds were able to 

return the capital at all four interest rates, but twice-harvested ponds enjoyed higher means so that the IRR of the 

once-harvested ponds was 18.51% while that of the twice-harvested ponds was 33.01%. 
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