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Table 1) Equivalent to agricultural inputs and outputs

Energy Unit Ene{sﬁ«lel?r:liit\_/glent References
Input energy
Human labor hr 1.96 [v¥]
Machinery kg 62.7 [v¥]
Tractor kg 93.61 ]
Combine kg 87.63 W]
Diesel fuel L 478 [v¥]
Biocides kg 0.3 W]
Nitrogen kg 66.14 [0]
Phosphate kg 12.44 [0]
Potassium kg 11.15 [0]
seeds kg 50 [¥]
Electricity kwWh 3.6 [\V]
Water m? 1.02 W]
Output energy
Sugar beet kg 16.8 ]
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Table 2) Input energy, output energy and product yield

Province Year eneregn(FI’\;lj}.ha'l) Yield(kg) Output energy(Mj.ha)
89-90 58303 35995 604715
90-91 58521 35225 591781
Razavi 91-92 57903 36550 614041
Khorasan 92-93 57706 34316 576513
93-94 57914 37907 636839
94-95 57967 38657 649443
Average 58072 35995 604715
89-90 46343 41997 705555
90-91 46265 35225 591781
91-92 46537 41304 693912
Fars 92-93 46994 38448 645922
93-94 46808 39094 656774
94-95 46774 44823 753025
Average 46620 40859 686433
89-90 41043 46677 784171
90-91 42040 49025 823623
91-92 41775 43536 731402
Khuzestan 92-93 43128 44284 743976
93-94 42561 44660 750295
94-95 41133 48630 816986
Average 41946 46135 775075
89-90 39063 39128 657355
90-91 39212 37437 628937
91-92 39588 34603 581337
Isfahan 92-93 39717 35287 592823
93-94 39963 35995 604713
94-95 40196 38256 642700
Average 39623 36784 617977
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Table 3) Energy indices

Province Year Energy ratio Net(ajf;/_lg)lain Energ:ig?;z\c]jlzjlt):tivity Spi(:\iﬂf‘i;_:lf;f)rgy
89-90 10.37 546412 0.617 1.620
90-91 10.11 533260 0.602 1.661
Razavi 91-92 10.60 556138 0.631 1.584
Khorasan 92-93 9.99 518807 0.595 1.682
93-94 11.00 578925 0.655 1528
94-95 11.20 591476 0.667 1.500
Average 10.41 546643 0.620 1.613
89-90 15.22 659212 0.906 1.103
90-91 12.79 545516 0.761 1.313
91-92 14.91 647375 0.888 1.127
Fars 92-93 13.74 598928 0.818 1.222
93-94 14.03 609966 0.835 1.197
94-95 16.10 706251 0.958 1.044
Average 14.72 639813 0.876 1.141
89-90 19.11 743128 1.137 0.879
90-91 19.59 781583 1.166 0.858
91-92 1751 689627 1.042 0.960
Khuzestan 92-93 17.25 700848 1.027 0.974
93-94 17.63 707734 1.049 0.953
94-95 19.86 775853 1.182 0.846
Average 18.48 733129 1.100 0.909
89-90 16.83 618292 1.002 0.998
90-91 16.04 589725 0.955 1.047
91-92 14.68 541749 0.874 1.144
Isfahan 92-93 14.93 553106 0.888 1.126
93-94 15.13 564750 0.901 1.110
94-95 15.99 602504 0.952 1.051
Average 15.60 578354 0.928 1.077
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Table 4) Analysis of variance of energy input, output and energy ratio

F df Sou!'ce_ of
Energy ratio Outputenergy  Input energy Variation
1178.57° 57.35" 327.29° 3 Between groups
116 Intra-groups
119 Total

* significant at 5 and 5% probability level 10! C\w 03l pae *
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Figure 3) Benefit to cost ratio
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Table 5) Parametric model of energy and economy

Energy model Economy model
Variables Coefficients  tratio P-Value MPP Coefficients  tratio P-Value MPP
Human labor 1.84 16.38™ 0.003 0.44 0.93 1.19™ 0.55 0.17
Machinery 0.06 0.7 0.46 0.14 0.23 5.92 0.02 0.33
Diesel fuel -0.59 -5.89" 0.004 0.45 0.16 0.85"™ 0.18 0.86
Chemical -0.19 -9.48" 0.001 0.12 -0.39 193" 0001 0.63
fertilizers
Chemical 0.05 0.99" 0.78 043 0.11 0.76™ 0.43 0.67
toxins
Water 0.05 1.67" 0.54 0.69 -0.76 -2.5m™ 0.22 0.68
Electricity 0.13 3.13" 0.006 0.62 -0.1 -1.73™ 0.87 0.96
Beet seeds 0.39 3.12" 0.001 0.84 0.98 17.18" 0.009 0.97
Camera-
- 2.1 - - - 1.97 - -
Watson test 9 °
R? - 0.99 - - - 0.97 - -
Return to ) 174 i i i 0.77 i i
scale

Kk *‘ns
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"8, *and ** non- significant, significant at 5 and 1% probability level, respectively
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Table 7) Environmental indicators in sugar beet production per ton

Impact categories Unit Khuzestan Fars Kii‘z,z;/;n Isfahan Average
AD kg Sb eq 0.003 0.007 0.002 0.006 0.001
ADF MJ 1123.56 1025.85 1142.22 1287.65 1040.23

GWP kg CO; eq 116.47 113.86 115.96 119.42 110.97

OLD kg CFC-11eq 0.00000606  0.00000702 0.00000909 0.00000603  0.00000907
HT kg 1,4-DB eq 29.75 31.40 3241 36.48 36.47
FE kg 1,4-DB eq 21.32 19.46 18.39 20.49 16.38
ME kg 1,4-DB eq 41325.82 49412.32 47485.96 49254.63 48532.68
TE kg 1,4-DB eq 3.87 4.40 3.22 4,50 4.28
PO kg C,H. eq 0.04 0.02 0.03 0.07 0.02
AC kg SO, eq 2.87 1.32 2.58 1.89 1.84
EP kg PO3,eq 0.84 0.98 0.61 0.62 0.68
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Fig 5) Contribution of different inputs to the environmental impacts

Table 7) On-Farm emissions

1. Emissions by diesel fuel to air (kg)

(a). Carbon dioxide (CO,)

(b). Sulfur dioxide (SO,)

(c). Methane (CHy)

(d). Benzene

(e). Cadmium (Cd)

(f). Chromium (Cr)

(9). Copper (Cu)

(h). Dinitrogen monoxide (N,O)

(i). Nickel (Ni)

(i). Zink (zn)

(k). Benzo (a) pyrene

(I). Ammonia (NH3)

(m). Selenium (Se)

(n). PAH (polycyclic hydrocarbons)
(0). Hydro carbons (HC, as NMVOC)
(p). Nitrogen oxides (NOXx)

(g). Carbon monoxide (CO)

(r). Particulates (b2.5 pm)

731.92

0.23

0.03

0.001
0.00000234
0.0000116
0.0003

0.02
0.0000164
0.0002
0.00000703
0.004
0.00000234
0.0007

0.66

10.41

1.47

1.05

2. Emissions by fertilizers to air (kg)
(a). Ammonia (NHs) 21.65

3. Emissions by fertilizers to water (kg)

(a). Nitrate 23.69

(b). Phosphate 6.94

4. Emission by N,O of fertilizers and soil to air (kg)
(a). Nitrogen oxides (NOx) 37.45
5. Emission by human labor to air (kg)
(a). Carbon dioxide (CO,) 33.39

6. Emission by heavy metals of fertilizers to soil (mg

(a). Cadmium (Cd) 29920.86
(b). Copper (Cu) 72687.43
(c). Zink (zn) 651006.80
(d). Lead (Pb) 1014133.09
(e). Nickel (Ni) 69136.88
(f). Chromium (Cr) 412727.30
(9). Mercury (Hg) 265.56
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Abstract Assessment of energy and environmental pollutants of production ~ Keywords
process is important in terms of providing solutions to reduce energy Cobb-Douglas
consumption and emissions. The purpose of this study was to investigate and energy ratio
predict the yield and profit to cost ratio and environmental effects in sugar beet greenhouse gases
production to improve energy consumption and reduce global warming. The model
Cobb-Douglas model was used to investigate the effect of inputs on performance productivity
and profit-to-cost ratio. Environmental impact assessment was performed using

Simapro software based on CML2 baseline2000 method. The required data were

collected through questionnaires and face-to-face interviews with sugar beet

growers in Khorasan Razavi, Fars, Khuzestan and Isfahan Provinces. The results

showed that with a one percent increase in manpower inputs, diesel fuel,

chemical fertilizers, electricity and seeds, the yield was increased or decreased

1.84, -0.59, -0.19, 0.13 and 0.39 percent, respectively. With a one percent

increase in the costs of machinery, chemical fertilizers and seeds, 0.23, -0.39

and 0.98 percent were increased or decreased in terms of profit to cost,

respectively. Fertilizers and chemical toxins (more than 90%) have the greatest

effects on organic matter depletion and open water toxicity. Electricity

consumption was also more than 20% effective in reducing inorganic matter and

ozone depletion. The effects of open water poisoning and depletion of organic

matter had the greatest environmental impact. The total emission of greenhouse

gases into the atmosphere was 745.79 kg .ha*. Analysis of soil parameters and

proper management of agricultural machinery use can minimize energy

consumption and environmental pollutants from production.
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