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Feasibility study of combined heat, power, and fuel supply
system using bioethanol derived from marine debris for
coastal fisheries facilities

Takeshi Ishida

Abstract : The author has previously developed and published energy and resource flow models focusing on the
post-collection process of marine debris. These models were designed to examine the technical and economic
feasibility of establishing businesses with energy systems. One of the previous studies examined the economic
feasibility of a microgrid system combining a styrene oil conversion device from drifted styrofoam and a
cogeneration system (CGS). The current study focuses on the “biomass gasification furnace and methanol synthesis
furnace” technology, which has a proven track record with woody biomass. If this methanol synthesis furnace
could be applied to drifting marine debris, it would be an option for providing energy to coastal facilities. In this
study, an energy flow model was developed that can easily calculate the energy flow of a methanol synthesis
furnace, CGS, and fuel supply system using biomethanol obtained from coastal biomass such as marine debris. If
only marine debris is taken into account, the amount of biomass will be insufficient. For this reason, discarded fish
and food residues from fishing ports and fish processing plants were also evaluated. Furthermore, this biomethanol
can be used together with waste cooking oil to synthesize biodiesel fuel (FAME), enabling various applications
including marine fuel. Using this energy model, the potential for energy self-sufficiency for coastal fisheries facilities
(fishing ports, fish processing plants, and fishing boats) was calculated. The calculation results show energy self-
sufficiency as a function of changes in biomass volume. However, they also found it difficult to be self-sufficient in
electricity, heat, and fuel at the same time. Additionally, an optimization model was developed to determine the
optimal size of the CGS, demonstrating the potential to improve the energy self-sufficiency of coastal fishery
facilities.

Key words : marine debris, bio-methanol, bio-diesel fuel, FAME, cogeneration system (CGS), system simulation
model, optimization model
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Fig. 1. Network for the utilization of biomass methanol in coastal areas.
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Fig. 2. Flow diagram of the energy system to be analyzed and evaluated.
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Table 1. Size and composition of marine debris in

Japanese some regions

Region Plastic
rate (%)
Shimonoseki 40
Amami 70
Kouchi 33
Matsue 66

Wood rate Sum
(%) (%)
58 98
11 81
47 80
27 93

Table 2. Example of methanol production volume in biomass

plants
Case Biomass input .
study amount (kg/day) Methanol yield
120 500 40-50 L/day
22D 2,000 400 kg/day
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Table 4. Specifications of the model food factory

Energy consumption
Table 3. Biodiesel production ratio*

Electricity 520,429 kWh/factory
Biodiesel production Ratio
Fuel 2,583 GJ/factory
Methanol consumption 20 Stream 1,089 GJ/factory
Biodiesel fuel production 70 Production 2,830 t/factory
Waste 10 Discard residual rate 0.035

*Weight ratio when waste cooking oil is taken as
100.

Food waste amount 99 t/factory
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Table 5. Estimated fuel consumption per fishing vessel in 2022

. Number of Fuel .
Ship Tonnage ships consumption
(kg/ship-year)
With outboard motor 53,257 2,404
Less than 1 3,540 1,721
1-3 15,469 3,644
3-5 24213 7,226
5-10 10,799 14,754
10-15 3,844 19,699
15-20 3,164 30,977
20-30 49 51,724
30-40 33 74,135
. 40-50 22 64,620
X‘glo";td otor 50-60 11 145,953
60-70 25 113,021
70-80 49 153,844
80-90 47 149,112
90-100 31 148,679
100-150 98 297,032
150-200 160 288,621
200-350 115 466,455
350-500 177 548,899
500-1,000 9 1,397997
Fule

700-800°¢4

Food Factory— |Used cooking
oil

Amount of collection

JBiodieseI Production|

120 t / year

Methanol ’l

Equipment

Biodiesel
fuel

241t / year

Biomass Gasifier
—

Total biomass
947 t / year

Power
generation
efficiency
Heat recovery
efficiency
Annual fuel

consumption

H,+CO Gas
Methanol synthesis Bio-
furnace methanol
Amount of methanol Methanol
Production 189 t / yeqr 31t/ year
Weight Yield 0.2
Methanol
134 t / year
Electricity
CGS
CGS 100 kW
Power
generation 3,000 h /year
time
Al POWr 300,000 kWh/year
generation

0.4

0.3

2.7E+09 kl/year

Heat

Fig. 3. Overview of system simulation sheets.
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Fig. 4. Flow diagram of input resources and energy production (standard case).
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