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Net Energy Analysis for Protected Vegetable Production System
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Summary

This paper presents analytic results of energy sequestered for the forcing cultural cu-
cumber and the others production system with the input-output tables method in the
suthern parts of Korea.

In this study an attempt is made to evaluate input of direct and indirect energy, output
of yield energy and net energy in order to achieve increased energy productivity under P
E greenhouse. Cultural practices were grouped soil and soilless with perlite for vegetable
production.

The results from this study are summarized as follows :

1. Total energy inputs in cucumber production were calculated to be 510 GJ/10a(di-
rect energy . 480 GJ/10a, indirect energy : 30 GJ/10a) from soil culture and 440 GJ/
10a(direct energy : 420 GJ/10a, indirect energy : 20 GJ/10a) from soilless culture in
perlite hydroponics.

2. Energy outputs from cucumber and biomass were 7 GJ/10a and 120 GJ/10a at a
uniform rate respectively.

3. Heating fuel as diesel is a major energy inputs approaching 90% of the total energy
requirements for cucumber production.

4. Net energy in cucumber production was calculated to be 503 GJ/10a from soil cul-
ture and 431 GJ/10a from soilless culture. Net energy productivity was maintained
costantly as 0.98.

5. Energy productivity in cucumber was calculated to be 0.029 kg/MJ from soil culture
and 0.043kg/MJ from soilless culture, while energy efficiency was 0.012 and 0.015
respectively. It is expected that a soilless cultural production system seems to be reduc-
tive in seguestered energy input by 13%.
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Table-1. General aspects of forcing vegetable production

Case Cultivated Cultural Case Cultivated Cuitural
No. area(a) crop practices No. area(a) crop practices
1 17 Cucumber soil 11 40 Cucumber soil
2 13 ” ” 12 20 ” ”
3 17 ” " 13 55 " soilless
4 13 ” ” 14 53 n with perlite
5 34 ” " 15 20 ” soil
6 34 ” ” 16 34 ”n ”
7 40 ” ” 17 20 ” "
8 13 ” " 18 20 " ”
9 17 ” ” 19 20 ” ”
10 26 14 " 20 47 Tomato "
Table-2. Field operations of vegetable production
1. Setting up iron bars for greenhouse.

&)

. Ploughing at a depth of 15-20cm and harrowing three times of cultivated soil.
(Hydroponics with perlite in soilless culture as No. 13 and 14.)

. Applying fertilizers, making compost and their moving to field.

. Listing and manual sowing.

. Seedbed pest control four times.

. Manual P E covering of outside curtain and inside two layer of thermal screen.

. Mulching manually for weed control.

. Manual grafting and transplanting.
9. Applying water and agri. chemicals by two or three times per week.

10. Hot air heating during five months in winter.

11. Defoliation and stalk inticement before harvesting.

12. Harvesting, sorting, packaging and transport to truck.
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Table-3. Published value for the energy content of inputs and outputs

_Energy content

Energy content

Item Unit (MJ/unit) Ref. Item Unit (MJ /unit) Ref.
Manufacture, Potassium kg 9.0 2
Tansport & kg 100.7 1 Agr. chemicals ” 100.2 "
Repair Seed " 16.8 ”

PE ” 24.7 15,16

Labour hr 2.2 17 || Iron " 115 ”
Fuel L 47.2 17 | Container m? 50.0 19
Electric kWh 12.0 2 Perlite kg 0.071 10
energy Cucumber ” 0.42 6
Nitrogen kg 80.2 2 || Tomato " 0.84

Phos phate ” 14.0 " Biomass " 17.6 3
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Table-4. Distribution of direct energy to inputs(MJ/10a)

Case No.| Labour | Fuel Electricity Total

1 4193 | 426051 19858 450102
12 5782 | 425980 18113 449875
13 5701 | 429091 19599 454391
14 5854 | 356225 18154 380233
15 6645 | 473062 22146 501856
16 5039 | 556326 23954 585319
17 4904 | 473062 21395 499361
18 5135 | 426146 20870 452151
19 4936 | 378828 18728 402492
20 4012 | 282184 13458 299654

Case No.| Labour | Fuel Electricity Total
1 9812 | 389703 15382 414897
2 8801 | 509496 24221 542518
3 6986 | 417460 20446 444892
4 7093 | 582100 22513 611706
5 7248 | 334208 13011 354467
6 6411 | 431405 16663 454479
7 3581 | 355050 13425 372056
8 5555 | 509496 24226 539277
9 4963 | 334200 16254 355417
10 5114 | 727259 33621 765994
* 6012 | 455889 20284 482185

Average

* %

5778 | 392658 18877 417313
Average

* Average of cucumber values from soil cultural practices.

* % Average of cucumber values from soilless cultural practices.
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Table-5. Distribution of indirect energy to inputs(MJ/10a)

Case No. | Machinery Fertilizers Agr. chemicals [Seed| Materials( I ) | Materials(II) | Total
1 1617 9564 1415 9 11135 1853 25593
2 2200 13409 1465 9 11649 1923 30655
3 1597 19350 1415 9 11135 1853 35359
4 2087 21055 1542 9 11649 1923 38265
5 1276 14505 1415 9 11135 1838 30178
6 1784 16891 1474 9 11135 1838 33131
7 1301 9051 1028 9 11358 1875 24622
8 2157 8678 1542 9 11649 1923 25958
9 1458 10308 1002 9 11135 1853 25765
10 2387 9578 1040 9 11650 1923 26587
11 1858 7826 1503 9 11358 1875 24429
12 1677 13221 1503 9 11358 1875 29643
13 1668 1777 1913 9 11358 3070 19795
14 1493 1845 1891 9 11429 3176 19843
15 1976 10969 1503 9 11358 1876 27691
16 2001 9094 973 9 11135 1838 25050
17 1782 11233 952 9 11358 1875 27209
18 1681 9387 1503 9 11358 1875 25813
19 1462 6683 952 9 11358 1875 22339
20 653 9006 1876 9 11277 1117 23938
* Ave, 1782 11812 1307 9 11348 1876 28134
* % Ave. 1581 1811 1902 9 11394 3123 19820

* Average of cucumber values from soil cultural practices.

* % Average of cucumber values from soilless cultural practices.
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Table-6. Distribution of sequestered energy to inputs for cucumber production(MJ/10a)

Soil culture Soilless culture
Inputs
Energy Rate( %) Energy Rate(% )
Labour 6012 1.18 5778 1.32
Fuel : 455889 89.33 392658 89.83
Gasoline 313 0
Diesel(power) 787 0
Diesel(heat) 454789 392658
Electricity 20284 3.97 18877 4.32
Machinery 1782 0.35 1581 0.36
Fertilizers 11812 2.32 1811 0.41
Agr. chemicals 1307 0.25 1902 0.44
Seed 9 0.00 9 0.00
Materials 13224 2.60 14517 3.32
Total 510319 100.00 437133 100.00
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Table-7. Distribution of yields and output energy in vegetable production

Case Yields, kg/10a Output energy, MJ/10a || Case Yields, kg/10a Output energy, MJ/10a
No. Fruit Biomass Fruit Biomass || No. Fruit Biomass Fruit Biomass
1 14706 6694 6176 117816 11 15000 6825 6300 120120

2 15385 7000 6462 123200 12 15000 6825 6300 120120

3 14705 6694 6176 117817 13 15000 6300 6826 120128

4 15385 7000 6462 123200 14 15094 6868 6340 120876

5 14706 6691 6176 117765 15 15000 6300 6825 120120

6 14706 6691 6176 117765 16 14706 6691 6176 117765

7 15000 6825 6300 120120 17 15000 6825 6300 120120

8 15385 7000 6462 123200 18 15000 6825 6300 120120

9 14706 6694 6176 117816 19 15000 6825 6300 120120
10 15385 7000 6462 123200 20 8936 6777 7506 119268
* Ave, 14987 6789 6325 120023 |# % Ave.] 15047 6584 6583 120502

%* Average of cucumber values from soil cutural practices.

* % Average of cucumber values from soilless cultural practices.
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Table-8. Energy productivity, intensity and efficiency

Case Input output Productivity Intensity Efficiency
No. MJ/10a kg/10a MJ/10a kg/MJ MJ/kg Out/In

1 440490 14706 6176 0.033 29.25 0.014
2 573173 15385 6462 0.027 37.26 0.011
3 480251 14705 6176 0.031 32.66 0.013
4 649971 15385 6462 0.024 42.25 0.010
5 384645 14706 6176 0.038 26.16 0.016
6 487610 14706 6176 0.030 33.16 0.013
7 396678 15000 6300 0.038 26.45 0.016
8 565235 15385 6462 0.027 36.74 0.011
9 381182 14706 6176 0.039 25.92 0.016
10 792581 15385 6462 0.019 51.52 0.008
11 474531 15000 6300 0.032 31.64 0.013
12 479581 15000 6300 0.031 31.97 0.013
13 474186 15000 6826 0.032 31.61 0.014
14 400076 15094 6340 0.038 26.51 0.016
15 529543 15000 6825 0.028 35.30 0.013
16 610369 14706 6176 0.024 41.50 0.010
17 526570 15000 6300 0.028 35.10 0.012
18 477964 15000 6300 0.031 31.86 0.013
19 424381 15000 6300 0.035 28.29 0.015
20 323592 8936 7506 0.028 36.21 0.023
* Ave. 510319 14987 6325 0.029 34.05 0.012
* % Ave. 437133 15047 6583 0.034 29.05 0.015

* Average of cucumber values from soil cultural practices.
% % Average of cucumber values from soiless cultural practices.
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Table-9. Net energy analysis in the protected vegetable production(MJ/10a)

Case Input Output Net Case Input Qutput Net

No. energy energy energy No. energy energy energy
1 440490 6176 434314 11 474531 6300 468231

2 573173 6462 566711 12 479581 6300 473281

3 480251 6176 474075 13 474186 6826 467360

4 649971 6462 643509 14 400076 6340 393736

5 384645 6176 378469 15 529543 6825 522718

6 487610 6176 481434 16 610369 6176 604193

7 396678 6300 390378 17 526570 6300 520270

8 565235 6462 558773 18 477964 6300 471664

9 381182 6176 375010 19 424381 6300 418081
10 792581 6462 786119 20 323592 7506 316086
* Ave. 510319 6325 503994 * % Ave. 437133 6583 430550

% Average of cucumber values from soil cultural practices.

* % Average of cucumber values from soiless cultural practices.
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