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Abstract

With the rapid growth of the tourism industry in recent years, its
impacts on the environment and climate change have drawn global
attention. Tourism, heavily reliant on natural resources, is a major
contributor to environmental pollution and carbon emissions, which
could pose serious challenges for the industry's future. This study uses
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a mixed-method approach to develop scenarios for applying green
technologies in low-carbon tourism. The first phase employed a
qualitative method through focus group discussions, while the second
phase utilized a quantitative scenario-building approach. A sample of
22 participants, including academics, environmental specialists, IT
experts, and cultural-heritage tourism professionals, was selected for
the study. Data analysis and scenario development were conducted
using MICMAC and Scenario Wizard software. Initially, 23 key
indicators were identified, and 18 influencing factors were determined
after cross-variable analysis. Two critical factors—cost and access to
green energy—were identified as the most significant uncertainties.
Based on the analysis, four future scenarios were developed: Low-
Carbon (Green) Future, Unsuccessful Future, Costly Future, and
Restricted Future. The desirable scenario, characterized by unlimited
access to and low costs of green energy, could lead to sustainable
destination development, reduced travel costs, promotion of local
tourism, and increased investment in green energy. Conversely, the
undesirable scenario, marked by limited access and high costs, could
result in negative consequences such as reduced travel motivation and
environmental degradation.

Keywords: Low-Carbon Tourism, Green Technology, Carbon
Footprint, Greenhouse Gases, Renewable Energy.

Introduction

The tourism industry, a rapidly growing sector in the global economy,
substantially impacts the environment and climate change. This
expanding industry has become a significant source of greenhouse gas
emissions. The rising number of tourists and activities puts immense
pressure on natural resources and ecosystems, leading to degradation
and pollution. Transport and accommodation services are key
contributors to greenhouse gases, such as carbon dioxide and methane,
which drive climate change and global warming, causing severe
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weather changes. Human activities like fossil fuel use and resource
depletion exacerbate these impacts.

Tourism’s dependence on fossil fuels makes it one of the most energy-
intensive industries, posing a challenge for decarbonization. Low-
carbon tourism has emerged to address this, focusing on reducing the
industry’s environmental impacts. Developing and adopting green
technologies is a key solution, optimizing resource use and
minimizing waste to lower emissions and improve efficiency. These
technologies also reduce pollution and protect resources.

This study explores the role of green technologies in low-carbon
tourism and their effectiveness in cutting greenhouse gas emissions. It
identifies innovative solutions and examines which technologies have
the most significant impact on achieving low-carbon goals across
tourism sectors.

Literature Review

Low-carbon tourism aims to reduce greenhouse gas emissions and
promote environmental sustainability. As a subset of sustainable
tourism, it minimizes environmental impacts while maintaining the
tourist experience. With the rapid growth of tourism and its
environmental effects, transitioning to low-carbon tourism is
essential. This model reduces impacts by enhancing energy and
resource efficiency in travel, accommodation, and attractions. Climate
agreements globally emphasize promoting low-carbon tourism to
foster sustainable communities.

Green technologies play a vital role by enhancing energy efficiency
and utilizing renewable resources like solar, wind, and hydropower.
These technologies reduce carbon emissions in transportation,
accommodation, and attractions. Energy-efficient building systems,
low-carbon transport, and sustainable resource management are
crucial for achieving low-carbon tourism.

Adopting green technologies faces challenges such as high costs and
limited awareness among stakeholders. However, benefits include
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reduced energy costs, higher efficiency, and resource conservation.
Renewable energy development and carbon-neutralization can further
decrease emissions and improve energy security.

Governments play a pivotal role by offering financial incentives, tax
benefits, and infrastructure for renewable energy. Policies supporting
clean energy in tourist destinations can reduce emissions, attract
tourists, and strengthen sustainable tourism branding.

The future of low-carbon tourism relies on climate initiatives,
technological adoption, and policymaking. With growing awareness
and social responsibility, tourists are expected to prefer low-carbon
options. Low-carbon tourism can mitigate environmental impacts and
ensure sustainability through green technologies, renewable energy,
and efficient management.

Methodology

This study combines qualitative and quantitative methods to identify
key factors and future scenarios for low-carbon tourism.

Phase 1 employed a qualitative focus group method. In this phase, data
was collected through semi-structured interviews with 22 experts from
the fields of environmental science, information technology, and
cultural heritage tourism. The group discussions were documented,
and themes were extracted and analyzed until theoretical saturation
was achieved.

Phase 2 used quantitative scenario planning, specifically employing
cross-impact matrix analysis with the MICMAC software to identify
and prioritize key factors influencing the adoption of green
technologies in low-carbon tourism. A specialized questionnaire was
used to assess the impact and interdependence of these factors.
Additionally, Schwartz's scenario planning approach, a method for
dealing with critical uncertainties, was applied to generate scenarios
using a 2x2 matrix framework.
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Results

This research examines the application of green technologies in low-
carbon tourism. The qualitative analysis identified and categorized 23
factors influencing green technologies. These factors were placed into
four main dimensions: environmental and responsible, social and
cultural, economic and technological, and physical. These factors
were evaluated through interviews with expert group members, and
their relationships were analyzed using MICMAC software.

The interaction analysis determined the relationships between the 23
factors based on their influence and dependency on one another. The
analysis revealed that the most direct influence was related to "carbon
knowledge level," while the factor "costs of using green energy" had
the most significant dependency. The interaction matrices showed that
over 95% of variables influenced each other, indicating high
complexity.

Next, various scenarios were examined through critical uncertainties.
These analyses identified two strong scenarios, two highly compatible
scenarios, and five probable or weak ones. Scenarios were classified
based on the costs of using green energy and resource access. In the
optimal scenario, low costs and unlimited access led to positive
transformations and reduced greenhouse gas emissions.

The findings emphasize enhancing carbon knowledge and involving
the government and tourism professionals in low-carbon projects.
Improving access to green energy and reducing costs are essential. The
derived scenarios guide the development of strategies in this area.

Conclusion

The results showed that access to green energy resources and low costs
of using these energy sources are among the most important factors
influencing low-carbon tourism development. Additionally, the
optimal scenario for the future of low-carbon tourism is based on
unlimited access to green energy resources and low costs. This
scenario could lead to the development of sustainable destinations,
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reduced travel costs, the growth of local tourism activities, increased
incentives for investment in green energy, and enhanced tourist
experiences.

In contrast, the unsuccessful scenario, which arises from limited
access and high costs to green energy resources, could lead to adverse
outcomes and harm to both the environment and sustainable tourism.
Ultimately, this research emphasizes the need for investment and
planning to develop green energy resources in the tourism industry to
harness their potential for improving the industry’s environmental and

economic conditions.
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