474 A3 =8 A2 A7 E(2010)/pp. 474-481

#7148 AL vol e A A2 FEFY Hg A
7ol B AF

T % 2,8 1 98 5 /778 8 4
ddyen ATy "HddolK, "Heugn A dulswety

The Feasibility Analysis of Organic Waste Bioenergy System
in Apartment Complex

Myeong-Jin Ko, Mi-Young Choi’, Doo-Sung Choi”", Yong-Shik Kim'
Department of Architectural Engineering, University of Incheon, Incheon 406-772, Korea
"Mechanical Design Division, Hanil M.E.C, Seoul 150-103, Korea
“DepL of Building Equip. and Fire Protection System, Chungwoon University, Hongseong 350-701, Korea

(Received October 22, 2010; revision received April 20, 2010)

ABSTRACT: Because international environmental and energy problems such as global warming
and ozone depletion, exhausting of fossil energy sources are more serious than before, renewable
energy system is attracting people’s attention more and more. Organic waste bioenergy system
among a variety of renewable energy system is expected to have an effect on building a society
which is eco-friendly and recycles resources owing to carbon neutral effects. So this is considered
as the role of an energy source of the building. Previous studies on the organic waste bioenergy
are mainly bioenergy technology and activation plan of the biocenergy supply. But the performance
evaluation studies of bioenergy systems installed in buildings are rarely. This study is to evaluate
applicability of the organic waste bioenergy system as the building energy supply system by
energy and environmental, economical analysis.

Key words: Organic waste bicenergy system(%7]4#2}9 vho] Qo] Jx] Al2#), Energy per-
formance(o 4 A4 %), Environmental performance(3734%), Economical perfor-
mance(7 A 4d)
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Table 1 Amount of biogas according to the type
of organic waste biomass

Amount of Biogas
60.9 m'/ton
25 m'/ton
Cattle manure | 175 m'/ton
Poultry manure | 285 m'/ton
042 ¢/m

Categories

o)
Food waste

Pig manure

Li\festo(%k
Waste

Sewage sludge(‘”
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Table 2 Target building

Categories Contents
Building Type Apartment

Location Songnim-dong, Incheon
The number 1,076

of households

Unit Type 59, 67, 84, 114, 121(m’)
Plottage 47502 w
Building area 6,546 m’
Gloss floor area 113,129 m’

Reinforced Concrete

Structure Structural Wall System
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Table 3 Load calculation condition of Target

Buildings
Categories Contents
Heating 57.0
. \ Cooling 62.6
Unit Load(W/m’ - h) DHW 174

Electricity 40
Heating -104
Cooling 30.1
Heating 18.0
Cooling 180
Heating 2,167
Cooling 1,936

Design Temperature(C)

Balance Point
Temperature(C)

Degree Day(T - d)
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Table 5 Energy performance assessment method

Contents
Calculated load

NO Categories
@ Energy Load

® Energy loss Heat 11%
ratio Electricity 45%
LNG 9550 kcal/m’

Heati I
@ reatng vaue Biogas 5500 kcal/m’

Steam boiler 88%
Absorption 11929%

Chiller
Equipment  Gas engine _E3%
@ efficiency generator Th 46%
Biogas engine  E 27%
generator Th 48%

Electricity : 38%

Fuel ® = Ox(1+@)+ (D)

consumption

4,000
- BElectric snergy
a BHeat energy
g 3,000 s
€
-
2
g
+ 1000 4
H
™

0 E

Co-Generation
System types

Central Heating
and cooling

Organic Waste
Bioenergy
Fig. 5 Total energy performance of Proposed
systems.
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Table 6 GHG emission factor of fuel types
GHG emission factorlkg/GJ]

Fuel types
P COz CHe NOz
LNG 545 0.0040 0.0010
Biogas 0.0 0.0320 0.0040

Electricity 1284 0.0016 0.0008

Table 7 Environmental performance assessment
method

NO Categories Contents

Fuel consumption

@ Fuel consumption based on system type

® GHG emission Emission factor of fuel
factor types(COz, N20, CHa)

COz: 1

® Global warming

potential of GHG CHe - 21
N0 : 310
@ GHG emission @=0x20x3
10,000
BElectric energy
8,000 A W Heat energy

6,000

4,000 +

GHG emission(TCO2)

2,000 -

Co-Generation

System type

Fig. 6 Environmental performance of Proposed
systems.
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50,000
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OCarbon Credit Cost BReplacement Cost
MEnergy Cost

._l B Initial Cost
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30,000

Cost (mill
[*)
f=3
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10,000

Central Heating
and cooling

Co-Generation
System type

Organic Waste
Bioenergy

Categories Contents Fig. 7 Compraison of total present value of LCC
Analysis Period 40(years) of proposed systems.
Discount rate 3.26(%)
Steam boiler 20 Table 9 Total present value of LCC for proposed
refrigerator 20 system .
Cooling tower 15 (unit : 1,000 Won)
Life expectancy Pump 15 ystem Cent}*al Co- Organic
(Year) Heating Generation Waste
Heat exchanger 5 Cost and Cooling Bioenergy
Gas engine generator 5 Initial 1,185,474 1,267,739 2,590,739
Biogas engine - (3%) (3%) (5%)
generator Energy 40,025,212 | 36,818,870 | 36,552,559
LNG(Heat only)  722.18 (86%) (87%) (77%6)
Fuel prices ~ 3 Replace | 824,751 1,137,621 6,267,742
(Won/Ny) _LNG(Co-generation) 68323 ment | (2%) | (3%) | (13%)
Biogas 364.46 Carbon | 4,483,905 | 3,172,051 2,330,724
Electric rate Low electric rate credit (10%) (7%) (5%)
Carbon credit Life 46,519,342 | 42,396,281 | 47,741,764
price EUA (EU Allowances) 23,871 cycle (100%) (100%6) (100%)
(Won/TCOz)

() : component ratio of LCC.
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