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Abstract

In the past few decades, technology has played an important role in the
development of countries, one of which is Artificial Intelligence. Al tools are
used to help economic processes, resulting in a country's growth. However,
these Al tools require more energy to process. While Al contributes to
development, it also threatens environmental sustainability globally.
Academic scholars have different opinions about Al tools. Some say Al helps
with economic growth and environmental sustainability, while others argue
that Al supports economic growth but harms the environment. This research
aims to find out whether Al helps or harms the environment in Japan by using
the econometric techniqgue ARDL model to examine the short-run and long-
run impacts from 1995 to 2024. The outcomes of the research indicated that
artificial intelligence and energy use have a positive impact on carbon
emissions in Japan, as a result of economic growth. Conversely, exports have
a negative impact on carbon emissions. The novelty of the research lies in the
interconnection between artificial intelligence, energy use, and carbon
emissions. This research offers suggestions for stakeholders to help improve
the environment. The contribution of this research is that it offers
recommendations for formulating policies that can guide stakeholders in
mitigating emissions while fostering artificial intelligence development.

Keywords: artificial intelligence, energy use, economic growth, carbon
emissions, sustainability

1 Introduction

In the recent past, the role of technology has increased in the development
of a country's growth. This role of technology depends on energy use.
However, the growing use of artificial intelligence has a significant impact on
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energy consumption and economic growth but, at the same time, increases
carbon emission levels, creating a complex and interconnected relationship
that needs to be carefully considered. Today, there is a major concern for
future generations because emission levels are rising due to the development
of artificial intelligence systems (Tomlinson et al., 2024). Total global carbon
emissions increased between 2022 and 2023 (Crippa et al., 2023). At the same
time, energy use per person increased from 2022 to 2023 (Our World in Data
(OWID), 2024). These two reports highlight that both energy consumption
and carbon emissions have increased in recent years. Similarly, Al tools can
help create an eco-friendly environment. But how much energy do they
consume, and is their environmental cost greater or smaller than their impact
on fighting climate change? (Monica de Bolle, 2024).

Energy, ecology, and environmental issues are closely connected in human
activities. The increased amount of carbon emissions is a global concern due to
the energy required for further development in countries (Zhang et al., 2024).
Energy is an important element for a country's development as it is needed for
local requirements and business activities, and the growth of these sectors depends
on energy levels (Pratiwi et al., 2020). The imbalance between economic growth
and the increasing levels of emissions has become a serious global issue. In this
regard, Brock and Taylor argue that sustainable economic growth involves not
only fostering economic growth but also improving the environment (Brock et al.,
2005). Moreover, since the 19" century, Reverend Thomas Malthus has been one
of the first to discuss the impact of economic activities on environmental quality
(Glass et al., 1976).
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Fig. 1. Trend analysis of the study variables in Japan from 1995 to 2024
(i.e., economic growth, artificial intelligence, carbon emissions and
energy use) (prepared by authors, 2025)
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The impact of artificial intelligence on the environment remains a subject
of ongoing debate, with differing views on whether it is more detrimental or
less. However, with this economic growth comes the need for increased
energy consumption, raising an important question: Does the energy used for
artificial intelligence development contribute to economic development, or
does it simultaneously result in increased emissions? This concern
underscores a crucial debate about whether the development of artificial
intelligence is ultimately beneficial or harmful to the environment in Japan.
This research examines the short-run and long-run impacts of carbon
emissions along with other variables between 1995 and 2024 in Japan using
the econometric ARDL model.

This research investigates the impact of artificial intelligence, energy use,
economic growth, and exports on CO2 emissions in Japan from 1995 to 2024.
The study aims to examine how these factors affect environmental
sustainability in Japan.

Research Objectives

This research focuses on addressing the following research objectives:

— To analyze the effect of artificial intelligence, energy use, economic
growth, and exports on carbon emissions in Japan.

— To develop a model and estimate the long-run and short-run
relationships between artificial intelligence, energy use, economic growth,
and exports on carbon emissions in Japan.

— To assess the environmental impact — whether beneficial or harmful —
of artificial intelligence, energy use, and carbon emissions on Japan's
economic growth.

Research Methods

The main purpose of this research is to examine the connection between
artificial intelligence, energy use, economic growth, exports, and carbon
emissions. This research also investigates the short-run and long-run impacts
of artificial intelligence, energy use, economic growth, and exports on carbon
emissions in Japan. To achieve the research objectives, this study uses the
Autoregressive Distributed Lag (ARDL) econometric technique. This
technique is suitable for examining both the short-run and long-run
relationships between the variables and provides insights into the outcomes in
both the long run and short run. Additionally, this research employs various
diagnostic tests to improve the accuracy of the research outcomes.

Conclusion

This research examines the relationship between artificial intelligence,
energy use, economic growth, and carbon emissions in Japan from 1995 to
2024 using the ARDL econometric model. The findings highlight that while
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Al contributes to economic growth, it also increases energy consumption and
carbon emissions, raising concerns about environmental sustainability. The
results indicate that Al's impact on the environment is complex, with both
short-run and long-run implications. Policymakers must balance economic
benefits with environmental responsibility by implementing strategies that
mitigate emissions while supporting Al-driven development.

The study’s findings provide a strong foundation for formulating policies
that guide stakeholders in mitigating emissions while fostering artificial
intelligence development. These policy implications have the potential to
promote environmental sustainability, not only in Japan but globally (South
Asian Association for Regional Cooperation (SAARC) and the Asia-Pacific
region), especially in other countries advancing their artificial intelligence
sectors.
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