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A Study on Composition and Utilization of Waste Heat Recovery
System Assuming Aerobic Liquid-composting Fermentation heat
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Abstract In this study, a waste heat recovery system was devised and the performances of components
incorporated to recover the heat generated during the processing of aerobic liquid-composting in a
livestock manure treatment facility were analyzed. In addition, the availability of recovered heat was
confirmed. The heat generated by liquid fermentation in the livestock manure treatment facility was also
checked. Experimental temperatures were set at 35, 40, and 45 T based on considerations of the
uniformity of aerobic liquid-composting fermentation tank temperature and its operating range (34.5 ~
43.9 T). Recovered heat energies from the combined heat exchanger, which consisted of PE and STS
pipes, were 53.5, 65.6, 74.4 MJ/h, The heat pump of capacity 5 RT was heated at 95.6, 96.1, 98.9 MJ/h
and the heating COPs of the pump were 4.53, 4.62, and 4.65, respectively. The maximum hot water
production capacity of the heat exchanger assuming a fermentation tank temperature of 45 € confirmed
an energy supply of 56 360 kcal/day. The heating capacity of the FCU linked to the heat storage tank
was 20.8 MJ/h, and the energy utilization efficiency was 96.1%. When livestock manure was dried using
the FCU, it was confirmed that the initial function rate was reduced by 50.5 to 45.8 % after drying.
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Fig. 2. Schematic of waste heat recovery system

Table 1. Composition and specification of testing

apparatus
Corr'lpor'lent Element Specification
circuit
Material : PE+STS

Waste heat Diameter : 20 mm

Wast‘e exchanger Length: 120 m
coupling Circulation fluid : water

circuit

Circulation  Flow rate : ~ 90 { /min

pump Power : 490 W

Refrigerant Refrigerant : 5RT

circuit Heat pump Type : Water to water condenser
Material : FRP
Buffer tank Working fluid/capacity : water / 2t
Z?j;;nzl Heat storage Material : FRP
orag tank Working fluid/capacity : water /3 t
circuit
Circulation  Flow rate:~ 100 ¢ /min
pump Power : 580 W
. . Heating capacity : 35 kW
Fan coil Fan coil unit (at hot water temperature of 80 C)
circuit Circulation  Flow rate: ~ 100 ¢ /min
pump Power : 580 W

Table 2. Operating conditions of system

Operating Heat Buffer Heat Fan coil Heat
mode exchanger tank  pump unit recovery
Dry O O O O O
(;ooling of o o o o y
ermentor
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Where, &, @ Waste heat recovery (kcal/h)
m, . Mass flow rate of water (kg/h)
C, : Specfic heat (kcal/kg®)
t, :

21

Mean discharge water temperature (C)

: Mean suction water temperature (C)

~ QW
COP= o @)
Where, COP : Coefficient of performance
@, : Heat pump release rate(k'W)

P : Electric power consumption(kW)
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Where, @ : Heating capacity (kcal/h)
p  Air density (kg/m’)
A : Discharge area (m?)
V' : Mean wind speed (m/s)
G,  Specific heat (kcal/kgC)
t, : Mean discharge air temperature(C)

: Mean suction air temperature(C)
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Table 4. Aerobic Liquid-composting process and temperture

Treatment Mean
Regions capacity Processing method(Day) Type temperature
(ton/Day) (©)
Storing — Solid/Liquid Separation — Deodorization —
Jeongeup 60 Aerobic Fermentation(20) — Curing tank(10) Closed square 382
Storing—Solid/Liquid Separation — Fluid regulation tank(5)—
Tesan 4 Liquid manure fertilization(30) = Curing tank(5) Closed square 3.9
Storing — Solid/Liquid Separation — Aerobic Fermentation(20) —
Hwaseong 30 Curing tank(?) Open square 39.9
i Storing — Solid/Liquid Separation — Aerobic Fermentation(20)—~ i _
Yongin 40 Curing tank(10) Open circular 34.5
. Storing — Solid/Liquid Separation — Fluid regulation tank(5) —~
Gongju 20 Aerobic Fermentation(30) — Curing tank(10) Open square 383
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Table 5. Heat release rate and COP of heat pump

Thermal storage Fermentor tank Heat release rate

tank setting(C) setting(C) (MJ/h) SO
45 35 95.6 4.53
45 40 96.1 4.62
45 45 98.9 4.65
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