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Table 1. Outlines of application from unused energy resources

Energy
Type Mode of practical use Available fields
sources
Natural Solar heat Underground heat Protected cultivation
energy Accumulated water heat Grain & grass drying
Vinyl hot house drying Animal wastes drying
Underground Water curtain Controlled horticulture
water Heat pump
Small water Electric power& heat Controlled horticulture
power Irrigation facility
Bioenergy Animal wastes Methane gas Livestock barn
Pyrolytic gas
Rice husk Direct combustion Controlld horticulture
Heated gasfication Grain drying
Municipal Incineration heat Controlled horticulture
solid wastes Wasted hot water
from plants
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Table 2. Methods of energy utilization from animal wastes

Waste Energy content,
Theory & practical uses Energy form
type kcal/kg © dm
Slurry Anaerobic digestion Gas 1200
Methane gas
Dried Direct combustion Hot water 2400
poultry Combustion heat
manure
Dried Pyrolysis Gas 1000
manure Pyrolytic gas
Hydrogenation Oil 1500
Liquefied petroleum
Moisture Aecrobic digestion Hot air & water 700
controlled Compostion heat
manure
Table 3. Methane gas production of animal wastes
Manure Volatile Methane gas Volume of
Animal production solids production fermenting vat
(kg/day * head) (kg/day - head) (L/day * head) (m*day * head)
Cattle 30 3.6 720-1260 1.8
Swine 25 0.5 150-250 0.15
Poultry 0.12 0.025 6.75-13.5 0.0072

3 Inside curtain

E {— Exhaust fan

-

G.L.

e

! ]

Heat exchange pipe

Fig. 1. Underground heat exchange schematic

900000800000 00060



EMEERRBR(BEIE F18)

Fresh water cycle Salt water cycle

Pump

Low temp.
regenerator

Heat exchanger

_I Unconvection zone

Regenerative convection zone

5

}

Pump Solar pond

High temp.
regenerator

Fig. 2. Simplified schematic of a solar pond heat extraction system

Ground water

l Protceted cultivation area

Fuel tank

Greenhouse

Heat pump

|

! - “Q_L' ) | [ FAS
Hot water { |

Drain water storage | "G ‘

Fig. 3. Heat distribution in a greenhouse using heat pump
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Munucipal solid wastes

l o

Fuel Incineration heat
|
Fue_l energy Exhaust gas energy
| |
Boiler Heat exchanger
!
| | |
Exhaust gas energy Hot water energy Steam ener;
|
Heart exchanger Turbine thermal " High temp. water
generator generator
| | |
Steam energy Electric energy High temp. water

Fig. 4. Energy conversion process of municipal solid wastes
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