Journal of Agricultural Economics & Development

Homepage: https://jead.um.ac.ir %;}ﬁ

Research Article
@ O] Vol. 37, No. 3, Fall 2023, p. 253-269
E

Determining the Optimal Cultivation Pattern and Energy Consumption
Portfolio Required for Irrigation Water Pumping (Case Study: Arable Lands in
North Iran)

Kh. Abdi Rokni?, S. Shirzadi Laskookalayeh™2", H. Amirnejad?®

Received: 30-07-2022 How to cite this article:

Revised: 16-09-2022 Abdi Rokni, KH., Shirzadi Laskookalayeh, S., & Amirnejad, H. (2023).

Accepted: 10-01-2023 Determining the optimal cultivation pattern and energy consumption portfolio

Available Online: 10-01-2023 required for irrigation water pumping (Case study: arable lands in north Iran).
Journal of Agricultural Economics & Development, 37(3), 253-269. (In Persian
with English abstract). https://doi.org/10.22067/jead.2023.77437.1145

Introduction

The growing importance of energy resources in the formation and growth of economic processes, as well as
the need to exploit these resources based on environmental considerations and sustainable economic development,
the issue of energy saving as an important issue in all economic infrastructures, including industry. Global
warming, declining crop yields, climate change and acid rain are the result of fossil fuel consumption. Hence, in
recent years, there has been a growing global emphasis on renewable energy across both developed and developing
nations. The primary objective is to decrease reliance on conventional energy sources, mitigate environmental
pollution, and attain sustainable energy practices.

Materials and Ways

In the present study, a multi-objective mathematical planning model was designed, in which the optimal crop
cultivation model in the southern grove area of Babol city, taking into account the maximum profit from the sale
of crops, relying on expanding the use of renewable energy sources in the supply basket Irrigation water and
reduction of fossil energy consumption used in irrigation water supply were determined. The objective functions
of the study are in the form of two objectives: profit maximization and minimization of greenhouse gas emissions.
The amount of profit considered in the present study is equal to the difference between income from crop
production and total costs, including irrigation, planting and harvesting costs, seed costs, fertilizers and pesticides,
and labor costs. The greenhouse gases considered in this study encompass CO2, N2O, and CH., with the objective
of minimizing their emissions for the determination of an optimal crop pattern. The study endeavors to resolve the
proposed nonlinear multi-objective pattern utilizing the constraint epsilon method. Subsequently, employing the
energy link indexes (E), the optimal solution is identified among the proposed alternatives through the TOPSIS
multi-criteria decision model. The statistical population for this investigation comprises farmers in the southern
forest area of Babol city. The analysis of results has been conducted using Matlab, Lingo, and Excel software.

Results and Discussion

In this study, a multi-objective model with objective functions of profit maximization and minimization of
greenhouse gas emissions subject to energy, energy flow, water, fertilizer, and capital and land constraints using
the method the constraint is resolved and eventually the study decision variables are obtained. In terms of
recyclable energy, the model suggests that four types of Tarom rice, Shiroodi rice, soybean, and corn be grown
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with 0.40, 0.34, 0.14 and 0.12 ha / ha, respectively. As can be seen, in accordance with the outputs of the optimal
model in terms of renewable energy, most of the cultivated land is allocated to Tarom and Shiroodi rice. The total
amount of energy required in the optimal model in terms of renewable energy was 2518 kWh, of which fossil
energy is 79% and solar energy is 21%. According to the calculations made in Equation 3, to provide 21% (518
kWh) of solar electricity required by the irrigation system in order to irrigate one hectare of the proposed model
of the optimal model in the study area, a solar panel with a capacity of 0.22 kW will be required. The results of
the model show that in terms of renewable energy, with the implementation of the proposed model, the profit of
farmers in the region per hectare increases from 14776.21 to 14778.18 million rials compared to the situation of
non-renewable energy in the entire growing season. In other words, in the current situation, people cultivate crops
regardless of energy consumption and production costs (traditional method of rice production by local farmers),
while by choosing the right model, the farmer's economic benefits can be increased by 0.013%. At the same time,
it saved a significant amount of fossil energy consumption.The minimum emission target of the model in terms of
renewable energy states that for the cultivation of 0.40 hectares of Tarom rice, 0.34 hectares of Shiroodi, 0.14
hectares of soybean and 0.12 hectares of corn, at the rate of 2836 kg equivalent to CO; pollution Fertilizers,
pesticides and fossil fuel consumption will be released, which is 9% less than the current situation where only
fossil fuels are used to irrigate crops.

Conclusion

In the present study, the interests of farmers were considered by considering the maximum profit from the sale
of agricultural products by relying on the use of renewable energy sources in the energy basket of the agricultural
sector (by reducing the fuel consumption of fossil energy sources used) in determining the cultivation pattern.
Optimally calculated and compared with current conditions. The results show that the optimal model in terms of
renewable energy, shows a more appropriate achievement of goals than in the absence of renewable energy. To

this end, it is suggested that agricultural policy makers, by promoting the use of solar energy in irrigation and the
use of this large capacity in the country, justify farmers to the potential benefits of solar energy (in the agricultural
sector) and its widespread use, reduce current agricultural subsidies in the energy sector. Fossilization and
subsidizing solar energy, encouraging the private sector to invest in solar projects can help power irrigation
projects.
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Potassium Fertilizers
()“2 “T’“ 2.76 (Dyer and Desjardins, 2003)
ue
(= ())ﬁ;S) 0.071 (Dyer and Desjardins, 2003)
() plosd poaw 5.1 (Lai, 2004)
Chemical poisons
S5 Cs gane
PPS < (1 — EL)[P?Y + PP¢ + p59] @) Min Fgreennouse Gas (o)
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2- Energy Consumption
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1- Epsilon Constraint Method
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4- Multi-criteria decision making of TOPSIS
5- Pay-off Matrix
6- Epsilon Constraint Method
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1- Economic Energy Productivity
2- Physical Energy Productivity
3- Environmental Productivity
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Table 2- Pay-off matrix of economic and environmental goals for each solution

(CO2 o 554S) (i lasome b (UL opebo) (5oLl aa
Environmental purpose (kg CO,) Economic goal (million Rials)
e Sl
1608 559. 68 Maximum amount
Jde J8las
1419 529. 19 Minimum amount

300 slaazily sisle
Source: Research findings
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Table 3- Pay-off matrix of economic and environmental goals for each solution

Jsoly LW RE-REY Cony jlansee Ban
Solution Economic goal (million Rials) Environmental purpose (kg CO2)

A1 529. 19 1419

Az 532. 80 1440

As 538. 41 1461

Aq 540. 02 1482

As 543. 63 1503

As 545, 23 1524

A7 548. 85 1545

As 552. 46 1566

Ag 556. 07 1587

Ao 559. 68 1608

suis gboansl, 2 Lo
Source: Research findings
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Table 4- Indicator decision matrix Pareto points

Jool, il 6590000 5P St oot 851 bl (659000 3Pl Spas
Solution Environmental Physical energy Economic energy Energy consumption
productivity (kg/kg productivity (kg/kwh) productivity (kwh)
CO2) (Rials/lkWh)

A 3.83 2.57 2.51E+05 2110
A, 3.94 2.62 2 50E+05 2133
As 4.00 2.67 2.49E+05 2157
A 4.06 2.72 2.48E+05 2180
As 411 2.76 2.47E+05 2204
As 4.16 2.81 2.45E+05 2227
A 421 2.85 2.44E+05 2251
As 4.26 2.89 2.43E+05 2274
Aq 431 294 2.42E+05 2298
Ao 4.36 2.98 2.41E+05 2321

suis sbhanl:isle
Source: Research findings
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Table 5- Normal decision matrix for Pareto points
ool s o (6 590 %0 S35 S S 90 &35 LBl (5590 % $iPlSpan
Solution Environmental productivity Phys_ic_al energy Economic energy productivity  Energy consumption

(kg / kg CO,) productivity (kg/kWh) (Rials’lkwh) (kwh)
Ar 0.293 0.292 0.322 0.301
A; 0.302 0.297 0.321 0.304
As 0.306 0.303 0.319 0.3071
Ay 0.310 0.308 0.318 0.311
As 0.314 0.313 0.317 0.314
As 0.318 0.318 0.314 0.317
Ar 0.322 0.323 0.313 0.321
As 0.326 0.328 0.312 0.324
Ay 0.330 0.333 0.311 0.327
Ao 0.333 0.338 0.310 0.331

o gl (s le
Source: Research findings
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Table 6- Ranking of solutions

Jaoly

Solutions

L)

Ranking

A
A,
A3
Ay
As
As
A
Ag
Ag
Ag

0.58
0.50
0.59
0.54
0.43
0.36
0.31
0.27
0.28
0.29

oS VNo o wEaN

i sl sl
Source: Research findings

ol 0298 5 3 ik (sl B o)lsan Jidaes Sl e o e &S
g bl pB)l ple 4 Cons Jgame cpl (YL 3 Skes 5 o8
B (63b5 BT gl yo 08y b )] Casd ()l Jlo o Sl &
Ol CulS (gl 03501 Al oo 39 Sl Sy o)lgen 5)5liS
Joey e slacuml & 495 o) Cusl aidly ]33l o8,
b b JUb comzen (adate 5> (JUb g5 00l (392 st
sdn 4y Jgae ol (KB Bpas 5 JUb g9 cnl Jud kS

A olaidl s 1) Y gaxe cuiS

dooly b alols a8 15 sl a el o b aumlis
gronljl ool anidly 43S o praliols 11 alold oy i 5 Jlow]
bl 2 )l doly 03 G 1 Uooly e Olgisas A3 ol
Ll yd 3 dinge Jao 2lod ot 398 00 Sl (58] Wgy (a3
el o1alio BBV Jpio pynis 55, Lo
bld pac byl j3 9d 0 odaline V Joio )0 &S 4365 \lon
A e 3,90 N eamo sl b ly5) o6 5,
Sl polaisl dgay ()l S 65 3 |y e (e 5395



YFoY 3l o o)lods PV ol (55,3l drwgi g olasdl 4y pii YAV

Y gz i (951 9 (6551 B peae dw -V Joi>
Table 7- Energy consumption basket and optimal product pattern

Ll > lab 5ol ]
« 51 Blod byl )3 diet (59N
‘-5))"‘ |a"\'c . 5 oes gl Blsd )] 2 2 4D
A8 ol AP s 2R (555 B )
Solution A8 Products RN Optimal pattern in Percentage of
The current patternin - tarms of renewable changes
the absence of energy
recyclable energy

() ol Jus 0.41 0.44
Tarom rice (h)
(h) o9 Ji 0.48 0.30
Shiroodi rice (h)
(h) Lgw 0.05 0.16
Soybean (h)
(h) o 0.05 0.10
Corn (h)
e &35l Wy il 0 0.83
(kw) J
Solar panel production
capacity (kw)
Sy 85 Mg ol 0 500
Jo(kwh)
Solar panel production
rate (kwh)

Sadygs 535 g cud )b 0 1.32
(kw) st
Battery solar power
generation capacity
(kw)
by &3 g e 0 300
(kwh) 5
Battery solar power
generation (kwh)
Sy 3P Mg b b 0 0.60
(kw) 552!
Inverter solar power
generation capacity
(kw)
Sy 351 g e 0 466
(kwh), < )szl
Inverter solar energy
production rate (kwh)
bed (551 g5 b b 15 1.08
(kw)
Fossil energy
production capacity
(kw)
CSgw dj)ﬂ .\.Jy Ql},yc 3159 2190
(kwh) L.

Fossil fuel energy
production (kwh)

S ) s

Area under cultivation
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Pump system power
consumption capacity

(kw)
i (85531 Bpae e
(kwh) ey

Pump system energy
consumption (kwh)
dgw pSlas CBan
Maximum profit goal
(million rials)
sbl8 Ll Jils Gun
Sl SIS p5s (CO2)
Minimum greenhouse

gas emissions goal (kg
COy)

0.57 0.50
2812 2394

536.49 538.41 +0.35
1790 1461 -18

Guios sbaadlzislo
Source: Research findings
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Figure 1- Emission rate of greenhouse gases in terms of renewable energy by input
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