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Waste biomass has a feature of carbon-neutral and contributes to reduction of CO2 emissions greatly. Therefore, a sustainable
energy system can be realized by utilizing the waste biomass such as wood, kitchen waste, sewage, and so on effectively. However, it
is difficult to handle the waste biomass as fuel because of a difference in their form. For this reason, it is necessary to carry out
energy transduction of the biomass to a suitable form for power generation. In this study, the energy conversion system was built up
by pyrolysis gasification through superheated steam gasification system. However, biomass has a low energy density, due to low
volume spread over wide areas, with large energy consumption by the transport of waste to the gasification process. Hence, using the
technique of Life Cycle Assessment, evaluation should be conducted prior to implementation of this system.

This study proposes modeling analysis for Life Cycle Assessment of the waste energy through superheated steam gasification
system. Life cycle analysis is used to assess the energy balance and CO2 emissions on material’s transportation, chipping, drying,
gasification and generation process totally. In this paper, the impact of differences in the amount and type of resources in urban and
rural area were considered to evaluate to energy balance and CO2 emissions for each process. It was obtained that energy
independence ratio is over 10% in rural area with this methodology and both the energy profit ratio and the rate of CO2 reduction are

improving with the increase in processing speed.
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Fig. 1. Research image of waste energy recycling society.
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Table 1. Basic data of urban and rural area.

Data Population [-] Area [m?] Population density [1/m?]
Urban Area 371,282 102.4 3,626
Rural Area 10,889 85.7 160
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Table 2. Stock materials of urban and rural area.

Livestockl Leesof |Leafan

Stock [t/year] |Garbage| Paper | Plastic | Wood Excreta | Grapes | Branct

Urban Area 91,223 | 41,829 | 4,217 | 9,484 0 0 0
Urbandivision | 27,226 | 12,484 | 1,259 | 2,831 0 0 0
Rural Area 2,675 1,227 124 1,854 604 9 398

Table 3. Lower heating value and CO2 emission
coefficient of feed stocks.

Livestockl Lees of [Leafand

Stock Garbage| Paper | Plastic| Wood Excreta | Grapes | Branch
LHV*1 [MJ/kg]l 8.8 13.2 36.0 6.6 10.0 19.8 1.5
CEC*2[kg-CO,/MJ] 0.0 0.0 |0.0427| 0.0 0.0 0.0 0.0

21 LHV: Lower heating value %2 CEC: CO, emission coefficient
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Fig. 2. Inventory process of the study.
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Fig. 3. Grid city model of transportation process.

Table 4. Condition of transportation process.

Symbol Witlyr] | Alm3 | M[1/yr] | f[1/yr] qlt] NI[-]

Urban area 43800 102 12000
Rural area 6891 86 1888

200 4000 | 5000
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Table 5. Energy for chipping process.

Model of grinder mill Energy Consumption  [KW/{]

Food recycle 71
Plastic 44.0
2 shafts for wood 22
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Table 6. Energy for drying process.

Stock Garbage | Wood | Excreta (Lfrggé’sf LE?I?af:CZd
Moisture | Before  [%]| 60 50 80 50 50
Content | after  [%] 20
Boiler Efficiency [%] 80
Heat Energy o] 1644 | 1252 | 1252 [ 2426 | 1252
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Fig. 4. Superheated steam gasification system.

Table 7. Specifications of superheated steam gasification

system.
Handling Pyrolysis
Moisture [%] 0-90
Heating Temperature [K] About 1073
Processing Speed [kg/h] 30-5000
Heat Energy [MJ/h] 1568-20239
Cold gas Efficiency [%] 85
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Fig. 5. Gasification energy with the variation of
processing speed.
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Table 8. Specifications of gas engine co-generation

System.
Gas Engine Capacity™ kW] 35
Generation Efficiency [LHV-%] 34
Heat Recovery Efficiency [LHV-%] 50
Total Efficiency [LHV-%] 85

3% parallel running
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Fig. 6. Evaluation methods for energy conversion.
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Table 9. Lower heating value and CO2 emission
coefficient for each energy resources.

BT 5 CO2 PEHI &E[t-CO2/t],

Fuel LHV CO, emission coefficient

Diesel Oil 38.2 [MJ/L] 0.0687 [kg-CO,/MJ]
LPG 50.2 [MJ/Nm?] 0.0598 [kg-CO,/MJ]
Electricity 3.6 [MJ/Nm?] 0.3780 [kg-CO,/MJ]
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Table 10. LCA conditions for urban area.

Case 1 ‘ 2 | 3 | 4
Food waste 62.1
Stock [%] Papelr 28.5
Plastic 2.9
Wood 6.5
Utilization of syngas to gasifier X (@] X (o]
Conditions
Utilization of exhaust heat from CHP X X (@] (@]
Calorific value [MJ/kg] 10.7
CO, emission coefficient [kg-CO2/MJ] 0.0041
Processing speed [kg/h] 5000
Collection period [mth/yr] 12
Operating time [h/day] 24
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Fig. 7. Effect of method for utilization of exhaust heat
and syngas on energy balance from transport
to gasification in urban area.
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and syngas on energy conversion efficiency and
reduction ratio CO2 emission in urban area.

5.2 BEHE-HITZMBAER

JERHEE D LCA 4% Table 11 127779, 4R Rx{8) B
%365 B L[EE L, — H OB T LB E O
ZAIZIE CTHRET 5. §HR/ ST A—4 L LT, LPG
REOHE, 77 MBI LU, A~ A -
BEEB L. BAEIC BT 2 BEEMI XA T &
L ChOBOD, R 7 v MREORE DL
WL/ D. FIT, 7T MM AL S (Case A),
TRV FIN IR LY CO2 BRI KIETHED
R A AT, ok, RIORTUBEEE LT > b
HEZER LTS, £/, BEEWOME - Blck
LWBEEET LD, BT 7 AT v 7 EEOEL
(Case B) BLX T Fod# v ¥4 - B (Case C)
PIALTGAERIELT. 728, 7 KU ORI -

(16)



BESEY) T A4V F 2 VR R A&

SER OAERINELREL2 » A& LT

Table 11. LCA conditions for rural area.

Case A B (o]
Pattern Basic Application Grape
Food waste 41.3 40.0 | 38.9 | 37.9 | 30.0
Paper 18.9 18.3 | 17.8 | 174 | 13.7
Plastic 1.9 5.0 7.5 10.0 1.4
o
Stock [%] Mwooq 28.6 277 | 270 | 262 | 208
Excreta 9.3 9.0 8.8 8.6 6.8
Lees, Leaf and Branch 0.0 0.0 0.0 0.0 27.3
. Utilization of syngas to gasifier x o) x/O o
Condition:
Utilization of exhaust heat from CHP (o]
Calorific value [MJ/kg] 10.1 11.0 | 116 | 123 | 10.6
CO; emission coefficient [kg-CO2/MJ] | 0.0029  |0.0070|0.0099 |0.0125 |0.0020
Processing speed [kg/h] | 30 - 5000 3000
Collection period [mth/yr] 12 2
Operating time Ihdayl] | 36-24 [ 61 [63 [65 |63

5,21 WMEBREREMNTRILFINZEEH KU C02 HEH
25 Z 5% % (Case A)

Fig.11 |27 v MEEIZxT 2 =0V FINS L
x@an%ﬁ%%%ﬁ'fiyhﬁﬁmkﬂm:%
VY, TRV LN CO2 BRIl B L
7o, ZHULT T v MRS ﬂféixwkﬁﬁg®
WiRZ T Fig. 12 02550005 £ 912, =RV iHE
BIXT 7 v MO L, E v
XRIT-ETH DL, ZDFEN Fig. 11 & REEOMH
MaErLZEE2D. £/, LPGREE{TARI Z &
IZE Y, LPG O HEZIKE TE 5729, £ 30%D
CO2 HI=E A M) L7z,

E L3

o 3.0 °o%

=] o "-—-ggg ---LPG

© 25 ®5 — Syngas
- = .2 150

= 20 c W | cmee====

3] S %100 ==

£ 15 =2 /

& B E 50 /,/”"—

> 1.0 S5 9 z

= e A
5 0 1 2 3 4 5 KO 1 2 3 4 5 6

Processing speed [t/h] Processing speed [t/h]
Fig. 11. Effect of processing speed of gasifier on energy
profit ratio and reduction ratio of CO2 emission

in rural area.
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Fig. 12. Effect of processing speed of gasifier on
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Fig. 13. Effect of ratio of plastic on energy profit ratio and
reduction ratio of CO2 emission in rural area.
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Fig. 14. Effect of range and quantity of stock on
overall power generation and energy
independence ratio.
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