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Abstract

In order to achieve a carbon-neutral society, renewable energy technologies are being developed in various fields.
Among these, hydrogen energy can be considered a clean energy source because it does not emit pollutants during its
use, but it requires analysis through a Life Cycle Assessment(LCA) that consider the impact of greenhouse gases
emitted during the process of production, transportation and storage. Therefore, we aim to develop a calculation module
for LCA through environmental impact analysis at each stage of the life cycle of various hydrogen technologies, and
in this study, we defined and analyzed requirements for a life cycle assessment calculation module for hydrogen
technology. Requirements using only Natural Language(NL) usend in the requirements investigation process may cause
mutual conflict and ambiguity. To overcome this, a requirements definition method was proposed by utilizing other
foms of textual artifacts along with natural language. By applying the proposed method, mutual conflicts and
modification frequency were reduced, resulting in approximately 20% time savings.
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Category Description

Organization that supports the research

Client and gives final approval for the outcomes

Organization specialized in LCA
methodology

Organization responsible for building the
international standard LCl DB

Domain | Organization responsible for building
expert technology-specific database
Organization specialized in hydrogen
technology certification and evaluation
Organization specialized in platform
development

Organization responsible for the

Researcher development of LCA calcualtion modules

Organization that utilizes the research
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Table 2. Types and characteristics of textual artifacts

Textual

artifacts CHlEERy

Description

A description of the situation in
Definition | which the user interacts with
the system

Required when conceptualizing
a service

User
scenario

Features

Expresses the system’s
services of functions and
related external elements from
the user's perspective

During the design of relatively
complex services, it closely
Features | analyzes and implements both
user requirements and ssytem
requirements

Definition

Use case

A detailed description of a
Definition | fuction written from the
perspective of the end-user
Make possible to understand
what is being created and why

User story

Features

A diagram representing the
Definition | framework, Ul, and key
functions of a website
Establishes and reviews the
Features | design stratege before
proceeding with detailed design

Wireframe

A diagram that visually depicts
the flow of actions a user
takes to achive a goal, using
detailed screen images
Representation of the process
for executing each function
after the detailed screen design
is completed

Definition

User flow

Features
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Table 3. Functional requirement - Modeling across life cycle stages

Category Initial requirements > Improved requirements
. . Definition of inputs, outputs, and reference substances
Hydrogen production processes modeling (e.g., . .
electrolysis, reforming) based on the selection of hydrogen production processes
’ through the LCl database
) . Conduct environmental impact analysis based on the
Energy consumption and emission process ) : o ) )
; environmental impact assessment indicators(established in
modeling i
the database) of unit processes
Modeling the transportation stage by defining hydrogen
Hydrogen transportation process modeling transportation methods and distances through the LCI
database
Modeling of transportation destance and Definition of inputs, putputs, and referelr)celsubstanoes
' based on the selection of hydrogen utilization processes
Modeling | method
b through the LCl database
) y = | The hydrogen storage stage is calculated as part of
e cyole either the hydrogen production stage or the hydrogen
stages | Hydrogen storage process modeling yerog g ydrog

utilization stage, depending on the value chain
configuration

Hydrogen utilizing process modeling

Hydrogen is categorized based on Uutilization technologies and
also defined by the application target, with environmental
impact analysis conducted according to the demand

Express the boundaries of the hydrogen value
chain in modules A to D defined by EN15804

The boundaries of the hydrogen value chain in a
hydrogen city are expressed in module A to D defined
by EN15804

Modeling of individual stages for hydrogen city
construction and the overall construction and
maintenance of the hydrogen city

A hydrogen city defined by modules can undergo LCA
either by individual modulse or for the entire city
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Module Description
A1-A3 Al Raw material supply
product A2 Transport of raw material
stage A3 Manufacturing
Ad-A5 Ad Transport
consfructon A5 Construction installation
stage
B1 Use
B2 Maintenance
B1-57 B3 Repair
lse slage B4 Replapement
B5 Refurbishment
B6 Operational energy
B7 Operational water
Ci-ca Ct Deconstruction / Demolition
end of lile —22 Transport
- C3 Wastel processing
C4 Disposal
D other supplementary Future reuse, recycling or
information energy recovery potentials
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