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Abstract

This study performed a Life-cycle assessment by process and material to identify and improve the
environmental impact on the producing process of cube type reef. The producing process consists of a
rebar assembly process, a steel formwork manufacturing process, a concrete pour process, and an artificial
reef manufacturing process. And the MIiLCA ver 2.3 program was used as the life-cycle assessment
program. The environmental impact categories were global warming, resource consumption, acidification,
photochemical oxidant, ozone depleting, eutrophication, ecotoxicity-quatic, and ecotoxicity-territorial impact
categories, and a total of eight environmental impact categories were evaluated. As a result of inventory
analysis, a total of 201 inventory items were derived, and as a result of impact evaluation, it was found
that concrete pour process and rebar assembly process had a large environmental impact in 7
environmental impact categories excluding resource consumption. As a result of the life-cycle assessment
by material, it was found that the potential environmental impact due to steel bar and concrete was the
greatest in most environmental impact categories. The results of this study suggest that it is necessary to
improve the concrete pour process and rebar assembly process in the artificial reef producing process, and
to improve the materials used in the steel formwork manufacturing process.
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<Table 1> Function, function unit and reference flow definition

Function

Habitat of marine life

Functional unit

Artificial reef 1 complex

Reference flow

Producing 100 EA cube type artificial reefs

Rebar assembly
process

Steel formwork
manufacturing process

Concrete pour process

Artificial reef manufacturing process

Transport and establishment process

[Fig. 2] System boundary of cube type artificial reef producing process.
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<Table 2> Result of life cycle inventory analysis

Group Material Total Unit

Ground Crude oil 3.835.E+03 kg

Input flow Ground Iron 2.061.E+03 kg

Ground Manganese 1.028.E+02 kg

Air Cadmium 6.758.E-06 kg

Air Carbon dioxide 5.634.E+04 kg

Air CxHy 1.318.E-01 kg

Air HCFC-22 1.234.E-03 kg

Air Lead 3.921.E-04 kg

Air Mercury 9.872.E-05 kg

Air Non-methane volatile organic compounds 2.942 E-01 kg

Output flow Air NOx 1.549.E+01 kg

Air SOx 1.527.E+00 kg

Air Sulfur dioxide 1.578.E+01 kg

Water Cadmium 1.902.E-09 kg

Water Lead 7.316.E-08 kg

Water Mercury 8.547.E-12 kg

Water Nitrogen, total (excluding N2) 2.512.E-04 kg

Water Phosphorus, total 2.712.E-04 kg

- 1259 -



Global warming (kg-CO: eq.)
Steel formwork
manufacturing process

Conerete pour process _

Rebar assembly process

Artificial reef
manufacturing process

0.0E+00 1.0E+04 2.0E+04 3.0E+04 4.0E+04
u Carbon dioxide = Methane = Nitrous oxide
Sulfur hexafluoride ~ wHCFC-22 uPFC-14
mHFC-134a mHCFC-141b uPFC-116
mHFC-23 mHFC-125 mHFC-32

[Fig. 3] Characterization result by process of the
global warming environmental impact category.
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Resource consumption (kg-Sb eq.)

Steel formwork

manufacturing process -m
Concrete pour process .I
Rehar assembly process _I

Artificial reef
manufacturing process

0.0E+00 70E-02 14E-01 21E-01 28E-01 3.5E-01
u Aluminium u Antimony # Bismuth Chromium
u Cobalt u Copper nCrude oif u Gold
mHard coal ul-on ulLead mLithium
. coal Natural gas liquids
mNatural gas Nickel uPlatinum u Silver
u Titanium » Tungsten m Uranium-U308 Vanadium

nZinc

[Fig. 4] Characterization result by process of the
resource consumption environmental impact
category.
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Acidification (kg-SO: eq.)

Steel formwork
manufacturing process

Rebar assembly process - .

0.0E+00

Artificial reef
manufacturing process

5.0E+00 1.0E+01 1.5E+01 2.0E+01

mHydrogen chioride  m Nitrogen oxides ®NO, = SO,

u Sulfur dioxide

[Fig. 5] Characterization result by process of the
acidification environmental impact category.

Photochemical oxidant (kg-ethylene eq.)
Steel formwork
manufacturing process

Concrete pour process

Artificial reef
manufacturing process

00E+00 20E-02 4.0E-02 6.0E-02 80E-02 1.0E-01

u CxHy m Non-methane volatile organic compounds = Volatile organic compound

[Fig. 6] Characterization result by process of the

acidification environmental impact category.
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Steel formwork
manufacturing process
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Artificial reef
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[Fig. 7] Characterization result by process of the
ozone depleting environmental impact category
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manufacturing process
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[Fig. 8] Characterization result by process of the
eutrophication environmental impact category

Ecotoxicity-aquatic (kg-benzene water eq.)

Steel formwork
manufacturing process

Concrete pour process

Rebar assembly process -
Artificial reef
manufacturing process

0.0E+00 2.0E+00 4.0E+00 6.0E+00

mArsenic ®Cadmium mlead = Mercury m®Nickel

[Fig. 9] Characterization result by process of the
ecotoxicity-aquatic  environmental impact
category
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