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Clean energy farming is the agricultural activity to improve an efficiency of agricultural energy use and to
replace fossil fuels. This study was carried out to establish the clean energy farming system in the controlled
cultivation of vegetable crop (cucumber) adopting the biogas production facility. In order to design the clean
energy farming system, mass and energy balance was analyzed between the controlled cultivation system and
the biogas production facility. Net yearly heating energy demands (Eyurp) of forcing and semi-forcing
cultivation types were 48,697 and 13.536 Mcal 10" in the controlled cultivation of vegetable cucumber. To
cover these Eynep, the pig slurry of 511 and 142 m’ 10a” (biogas volume of 9,482 and 2,636 Nm’® 10a”,
respectively, as 60% methane content) were needed in forcing and semi-forcing cultivation types. The pig
slurry of 511 m’ 102" caused N 1,788, P,Os 511 kg 10a in the forcing cultivation type, and the pig slurry of
142 m’ 10a” caused N 497, P,Os 142 kg 102 in the semi-forcing cultivation type. The daily heating energy
demand (E; prep) by the time scale analysis showed the minimum E; prep of 7.7 Meal 10a” day'l, the maximum
E;puep of 515.1 Mcal 10a" day'l, and the mean E; puep of 310.2 in the forcing cultivation type. And the
minimum E; pyzp, the maximum E; pyzp, and the mean E; pyep were 5.3, 258.0, and 165.1 Mcal 10a™ day™ in
the semi-forcing cultivation type, respectively. Input scale of biogas production facility designed from the
mean E; pyep were 3.3 and 1.7 m’ day'1 in the forcing and the semi-forcing cultivation type. The maximum
E; puep gave the input scale of 5.4 and 2.7 m’ day'1 in the forcing and the semi-forcing cultivation type.
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Fig. 1. Design of clean energy farming system (Dotted line
indicates the boundary condition for mass and energy balance
analysis in this study).
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Table 1. Input data for the analysis of mass and energy balance in the clean energy system of the controlled cultivation.

Item Unit Value Data source
Biogas production facility
Pig slurry
Total solid, TS mg L' 46,000 Yoon et al., 2011
Volatile solid, VS mg L 32,000 Yoon et al., 2011
Total nitrogen, TN mg L' 3,500 Yoon et al., 2011
Total phosphorus, TP mg L' 1,000 Yoon et al., 2011
Performance of digester
VS removal % (W w‘l) 60 Yoon et al., 2009
CH, yield Nm’ kg ™'-VSremoved 0.58 Yoon et al., 2009
CHs4 concentration % (mol mol‘l) 60 Yoon et al., 2009
Controlled cultivation facility
Cultivation (planting density)
Forcing cultivation plants 10a” 2,400 RDA, 2010
Semi-forcing cultivation plants 102" 3,000 RDA, 2010
Byproduct (cucumber)
Biomass yield
Leaf & stem Mg ha 159 Shin et al., 2011
Fallen fruit Mg ha 14.6 Shin et al., 2011
Nitrogen, N
Leaf & stem kg ha 152.5 Shin et al., 2011
Fallen fruit kg ha 40.9 Shin et al., 2011
Phosphate, P,Os
Leaf & stem kg ha 89.7 Shin et al., 2011
Fallen fruit kg ha 20.5 Shin et al., 2011
Methane yield
Leaf & stem Nm® ha'' 615.6 Shin et al., 2011
Fallen fruit Nm’ ha' 166.9 Shin et al., 2011
Fertilizer demand
Nitrogen, N kg ha’ 240 RDA, 2010
Phosphate, P,Os kg ha'! 164 RDA, 2010
Energy demand
Petroleum oil (for warming)
Forcing cultivation kL ha’ year'l 54.401 Seo, 2011
Semi-forcing cultivation kL ha’ year'l 15.697 Seo, 2011
Conversion factors
Lower heating value of CHi keal Nm™ 8,560
Lower heating value of diesel oil keal L™ 9,050
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Table 2. Mass and energy balance in the controlled cultivation system.

Cropping type

Item Unit ; — ; : T
Forcing cultivation  Semi-forcing cultivation
Waste biomass yield (fresh weight) Mg 10a” 24 3.1
N Kg 10a’ 24.0 24.0
Mass demand (A) P,0s Kg 10a” 16.4 16.4
) N Kg 102" 155 19.3
M 1d (B ;
ass yield (B) P,0s Kg 102" 8.8 11.0
N Kg 10a” 8.5 47
M 1 A-B
ass balance (A-B) P,0; Kg 10a” 7.6 5.4
Heating energy 4
Total energy demand Mcal 10a 49,233 14,206
(E(VC'S’ C)
Methane yield 3
Nm™ 10a 62.6 78.3
. (P (‘C’SB)
Clean energy yield .
Heating energy 1
Mcal 10a 5359 669.8
(E(,”(,’SB’ D)
Energy balance (Zy;p, C-D) Mcal 10a’ 48,697 13,536

Table 3. Input design factors of the biogas production facility for pig slumry

Cropping type

Item Unit ] — ; ; Y
Forcing cultivation Semi-forcing cultivation
- m|
Heating energy (Eypyzp) Mcal 10a 48,697 13,536
3 B
Methane (Pyzp) Nm™ 10a 5,689 1,581
. . 3 -1
Pig slurry factors Biogas (CHs 60%) Nm™ 10a 9,482 2,636
. 3 -1
corresponding to clean Volume m” 10a 511 142
-1
energy demand N Kg 10a 1,788 497
-1
P>0s Kg 10a 511 142
Pig SIUW‘/ 511 m? (Per 10a, per year) Pig s‘um‘/ 142 m? (Per 10a, per year)
CH, 5689 Nm? CH. 1581 Nm3
N 1788 kg N 497 kg
P,05 511 kg P,05142 kg
Biogas production A B N 17795 kg Biogas production o _ N 4923 kg
Anaerobic digestate ——» P,0; 503.4 kg Anaerobic digestate P,0, 1366 kg
CH, 5,752 Nm? CH, 1659 Nm?
’E‘HL ?ii Eg“g 49,233 M:ar‘n N 24 kg, P,05 16.4 kg Land application aH‘ Zgg Eg“g 14,206 Mcar‘n N 24 kg, P05 164 kg Land application
P,0s 8.8 kg Clean energy P,05 11.0 kg Clean energy

Fertilizer

Controlled vegetable
crop cultivation

Crop residue 2.4 Mg

» Crop product

Market

Fig. 2. Mass and energy balance of the clean energy farming
system in the forcing cultivation of the controlled cultivation
system.
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» Crop product

Market

Fig. 3. Mass and energy balance of the clean energy farming
system in the semi-forcing cultivation of the controlled

cultivation system.
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Fig. 4. Daily heating energy demand (Ej,puep) during a
cultivation period in the controlled cultivation system.
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Fig. 5. Energy balance of the daily heating energy demand
(Ei»puep) distribution curve during a cultivation period in
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Table 4. Input scale of pig slunry estimated by the daily heating energy demand of the controlled cultivation system in the

biogas production facility.

Daily heating energy demand of the controlled

cultivation system

Input scale of livestock waste in the biogas
production facility

i\, DHED
Forcing cultivation Semi-forcing cultivation Forcing cultivation Semi-forcing cultivation
-------------- Mcal 10a™ day']———————————— S day] -
Mean 310.2 165.1 33 1.7
Min. 7.7 53 0.1 0.1
Max. 515.1 258.0 5.4 2.7
Std. Dev. 154.7 77.6 1.6 0.8
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