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Table 1 Scenarios setting

Scenario Name Collection Vehicle

Biogas Utilization

Diesel Truck Scenario |Diesel truck

All electricity generated from biogas was sold.

CNG Truck Scenario |CNG truck The concentration of methane in biogas is condensed
up to 97%, and then, the calorie is pulled up to 12A
town gas level by adding LPG. The power generated
from the remaining biogas is sold.

EV Truck Scenario EV truck A part of the biogas is charged for the battery of EV

truck and the remains are sold.
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Fig.1 System Boundaries for Scenario Diesel Truck Scenario
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Fig.2 System Boundaries for Scenario CNG Truck Scenario
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Table 2 Specific Truck Parts Considered in Life Cycle Inventory
Analysis

Energy storage
(fuel tank/ battery)

Driver
(Engine/Motor)
Automotive diesel
engines

Diesel truck Sheet metal tank

General-purpose gas | High-pressure container

CNG truck engine (cylinder)

Lithium-ion batteries for

EV truck automobiles

AC motor
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Table 3 Greenhouse Gas Emissions in Diesel Truck Scenario

Stage Ttems CO; (tCOy»/y)

Production | Methane fermentation facility 8.6

Gas power generator 0.035

Diesel truck (2 vehicles) 1.30

Emission in production 99
Operation |Iron oxide for desulfurization 1.9
Diesel fuel burned 15.3
Power purchased 10.2
Power sold —389
Emission in operation —115
Total emission in the diesel truck scenario —1.6
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Table 4 Greenhouse Gas Emissions in CNG Truck Scenario

Stage Ttem CO. (tCOx/y)
Production | Methane fermentation facility 8.6
Gas power generator 0.035
CNG truck (2 vehicles) 1.28
Gas concentration, storage &
charge facility 27
Total emission in production 126
Operation |Iron oxide for desulfurization 19
LPG burned 53
Power purchased 14.3
Power sold —21.7
Total emission in operation —0.2
Total emission in CNG truck scenario 124

¢) EV 5927+ U% (Tableb)

R AT A OBEREORER R AT AP E1L 16.3
(t-CO,), E H B X —5.8 (t-CO), & 71T 105 (t
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Table 5 Greenhouse Gas Emissions in EV Truck Scenario

Stage Ttem CO. (tCOx»/y)

Production | Methane fermentation facility 8.6

Gas power generator 0.035

EV truck (2 vehicles) 7.65

Total emission in production 16.3
Operation |Iron oxide for desulfurization 19
Power purchased 10.2
Power sold —178
Total emission in operation —58
Total emission in EV truck scenario 10.5
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Table 6 Greenhouse Gas Emissions by Scenario and Phase
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Fig.4 Comparison of Greenhouse Gas Emissions among Scenarios
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Reduction of Carbon Dioxide Emissions during Garbage Collection using Biogas:
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Abstract

Although many of the methane fermentation facilities for waste biomass generate electricity from
the produced biogas as a renewable energy, collection of biomass waste often relies on diesel trucks
on the other hand. In this study, the CO. emissions of the entire methane fermentation system,
including the biomass waste collection process, were calculated for natural gas trucks using the
produced biogas and electric trucks using generated electricity. The finding revealed that, when
compared to the diesel trucks, CNG trucks and electric trucks emitted 10.0 and 15.3 tons per year less
during driving, respectively. However, when we factored in the CO, emission from manufacturing
additional equipment, such as biogas concentrating and charging facilities, as well as electric batteries
for vehicle, we discovered that the total CO, emissions of diesel trucks were the lowest.

Key words: methane fermentation, evaluation of carbon dioxide, effective use of biogas, CNG truck,

EV truck




