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Abstract
The Sustainable Hospitality Alliance's Global Hotel Decarbonisation Report (2017) states that to reach the Paris Climate Agreement's goals, the sector must reduce emissions by two-thirds by 2030 and 90% per room by 2050. These ambitious estimates demonstrate that, while there are some environmentally positive outliers, there is still much work to be done.
This research paper explores the growing importance of renewable energy in supporting the hotel industry in achieving net-zero emissions goals. As global awareness of climate change grows, the hospitality sector faces increasing pressure to reduce its carbon footprint. Hotels are large energy consumers, particularly for heating, cooling, lighting and water use. The adoption of renewable energy sources, such as solar panels, geothermal systems and wind power, has become a key strategy for reducing greenhouse gas emissions and long-term operational costs, focusing on the integration of renewable energy technologies into hotel operations, analysing the drivers, challenges and benefits of this transition, using recent academic literature and practical industry examples, identifying methods and technologies for decarbonisation, which can be used in hotel industry to minimise net-carbon emissions,  the study evaluates the effectiveness of these implementations in both independent hotels and international chains, critically reflecting on the level of impact using a PEST analysis to explore the external factors influencing the adoption of green energy, concluding with summarizing the main findings and make suggestions and solutions of how can hotels solve the problems that have been identified.
	







Introduction
The hospitality industry plays an important role in the global effort to reduce greenhouse gas emissions. As one of the largest energy-consuming service sectors, hotels use significant amounts of electricity and fuel to provide comfort and amenities for guests. This constant demand for energy puts pressure on natural resources and contributes to negative environmental impacts. In response to climate change concerns and new regulations, hotels have started to implement sustainable measures, replacing the use of conventional fuel with renewable energy, improving costs and competitiveness (Peeters, Çakmak and Guiver, 2024).
Among the most promising solutions is the adoption of renewable energy sources, such as solar, wind, biomass, geothermal energy or hydrogen, as a strategy for decarbonisation (Gössling and Scott, 2018). The topic is particularly relevant in the current context, in which governments and companies make strong commitments to achieve net-zero targets, in line with the Paris Agreement (Maka, Ghalut and Elsaye, 2024). For the hotel industry, this involves not only reducing direct emissions but also rethinking the way energy is consumed, from building design to daily operations. Analysing the concept of net-zero emission hotels, the latest technology in renewable energy and creating a roadmap for change and progress metrics, invites hotel corporations to cut carbon emissions on a large scale. Investigate the vital role that renewable energy can play in assisting hotels to achieve net-zero goals, looking at successful case studies, journals, and literature reviews, identifying current problems, and suggesting concrete ways for accelerating green energy transitions in hospitality.

Literature review
In a global context where sustainability is no longer an option but a necessity, hotels are beginning to look for clear solutions to reduce their impact on the environment, however the relationship between tourism and climate change, and the transition to net-zero emissions, has become an increasingly important issue, within, and for the tourism industry in tackling net-zero emissions, has received limited attention in the tourism literature, indicating a gap in the literature (Jones, 2023).
The first three components of sustainable development are commonly referred to as economic, social, and environmental. The Brundtland Commission defines sustainable development as meeting current needs without compromising future generations' ability to fulfil their own needs (Batabyal and Das, 2019).
According to Buckley (2012, quoted in Cooper and Hall, 2019) argue that global tourism is unsustainable and does not contribute positively to sustainability. The work of Hall (2011: 650, quoted in Cooper and Hall, 2019) states that despite the success of sustainable tourism in academic and policy discourse, tourism's impact on environmental change, including the preservation of "natural" or "ecological" capital, is increasing.
In recent years, specialised studies and industry initiatives have begun to emphasise solar, geothermal and wind energy as viable alternatives for hotels. These energy sources are increasingly accessible, and technological advances have made them more efficient and easier to integrate into existing hotel infrastructure (Hassan et al., 2024) ;(Morch, 2023). 
An increasing amount of literature underscores the environmental impact of the hotel business, which is responsible for around 1% of global carbon emissions. Lopez-Bernabe et al. (2021) investigated the factors that influence energy-efficient investments in the Spanish hotel business. The authors said that HVAC systems (Heating, Ventilation, Air Conditioning) in hotels are important energy consumers, and they estimated that the mean annual energy consumption of the 9% of these hotels that used heat pumps instead of district heating systems was 25% less. 
Vourdoubas (2018) explored the use of renewable energy technologies in the Mediterranean region to achieve net-zero carbon emissions in hotels. He suggested that these technologies could replace fossil fuels and meet environmentally conscious tourists' expectations. However, barriers like a lack of awareness and capital for investment in renewable energy technologies must be addressed to fully utilise these technologies.
[bookmark: _Hlk198727367]According to Makoondlall-Chadee and Bokhoree (2024), for the long-term sustainability of the hospitality industry, it is critical to use a variety of tools, instruments, metrics, strategies, and regulations. The triple bottom-line aspect facilitates a more comprehensive evaluation of sustainability in order to achieve the 17 sustainability development goals. The tools and methodologies employed are sustainability indicators, environmental impact, life cycle assessment, environmental auditing, ecological footprint analysis, multi-criteria analysis, and adaptive environmental assessment.
International organisations, such as the United Nations World Tourism Organisation (UNWTO), encourage sustainable tourism practices to benefit countries globally. Environmental sustainability can be assessed using frameworks such as the Global Reporting Initiative (GRI), Sustainable Development Goals (SDGs), United Nations Global Compact (UNGC), and environmental indices like ISO 14001, LEED Platinum, Green Key. Sustainability indicators support destinations in developing tourist policies, strategies, and predictions based on available data (Makoondlall-Chadee and Bokhoree, 2024).
 According to Pamfilie et al. (2018), introducing the circular economy system in energy efficiency can reduce pressure on climate change, minimise greenhouse gas emissions, improve energy storage and facilitate integration of renewable energy sources.
Another new technique is Knowledge management, a relatively recent technique that addresses the key issues of organisational adaptation, survival, and competitiveness in the face of increasingly discontinuous environmental change. This environmental transformation is visible not only in the turbulence of the supply environment but also in the shifting nature of tourism consumer behaviour. The rapid rate of change emphasises the importance of knowledge-based innovation as a fundamental skill for all tourist organisations seeking to remain competitive in a changing world (Cooper and Hall, 2019).
A frequently mentioned point in the literature is that the transition to renewable energy not only means changing the energy source but also involves rethinking the way energy is consumed. Hotels need to adopt an integrated approach: combining green energy with energy efficiency measures, such as LED lighting, smart air conditioning systems, high-performance thermal insulation and motion sensors that reduce consumption in common areas (Gielen et al., 2019).
The literature also evidentiate changing in consumer behaviour. More and more tourists are looking for “eco-friendly” accommodation options and are willing to pay more for sustainable services. This trend is putting pressure on hotels to adopt clear measures to protect the environment. In addition, many customers value transparency: hotels that openly communicate their sustainability policies and the green measures they apply are better viewed and more frequently chosen (Katter, 2023).
The literature also shows that public policies and regulations can accelerate or slow down the adoption of green energy. In countries where governments offer subsidies, tax breaks or incentives for investments in sustainable technologies, hotels adapt faster. On the other hand, in regions where there is no clear support or policies are unclear, the hospitality sector is more reluctant to make major changes (Drago and Gatto, 2022).
An interesting concept that appears in the specialised literature is the “net-zero hotel”, a hotel that reduces its energy consumption to a minimum and produces enough renewable energy locally to cover its needs. They represent inspirational models for global industry and show that the transition is not only possible but also profitable in the long term (Vourdoubas, 2024).
At the same time, the literature emphasises the importance of involving all actors in the hotel ecosystem: not only management, but also employees, suppliers and even guests must be aware of and involved in the energy transition process. Employee training, effective communication with customers and collaboration with sustainable suppliers are all elements that frequently appear as successful factors in renewable energy projects (Peeters, Çakmak and Guiver 2024).

Methodology
This paper adopts a qualitative research methodology based on theoretical and documentary analysis of sustainable practices in hotels, with a special focus on the use of renewable energy sources. The aim is to understand how hotels integrate green energy into their current operations to contribute to achieving net-zero and sustainability goals. Instead of field research, the analysis is based on a critical examination of academic literature, industry sustainability reports, and already published case studies (Brotherton, 2015; Costa and Costa, 2022).
The selected sources include recent scientific articles, journals: Current Issues in Tourism, Journal of Sustainable Tourism, Google Scholar, government publications, international sustainability guides, sustainability reports, website (World Sustainable Hospitality Alliance), Net-zero Roadmap for Travel and Tourism helping in decarbonise the sector, as well as examples of good practices reported by international hotel chains (Kaplan, 2019). These materials provide a clear perspective on the initiatives already implemented in the field and allow the identification of trends and existing barriers in the transition to a sustainable operating model.
In the process of analysing the impact and applicability of ecological strategies, the PEST (Political, Economic, Social, Technological) framework is used, which allows the assessment of external factors that influence the degree of adoption of renewable energy sources in the hotel sector. The model is useful for understanding how sustainability decisions are influenced by legislative regulations, subsidy policies, social pressures for ecological responsibility, but also by the evolution of available technologies (Cooper and Hall, 2019).

Impact Analysis of Green Energy Transitions in Hotels
The adoption of renewable energy in hotels has profound and multiple implications, and PEST analysis provides a useful framework to understand how external factors influence decisions to transition to sustainability. Each dimension, political, economic, social and technological, contributes differently to the success or delay of these changes.
Regarding political factors, insufficient government assistance and regulatory incentives hinder the transition to net zero, and regulations and public policies have a direct influence on how hotels implement renewable energy solutions. In many countries, local or government authorities offer financial incentives, subsidies or tax breaks for companies that invest in green technologies. These measures support hotels that intend to install solar panels, use heat pumps or integrate other forms of green energy into their current operations (Aguinis et al., 2023).

On the other hand, the lack of clear regulations or coherent support strategies can become a challenge. In regions where legislation is ambiguous or government support is weak, hotels are more reluctant to make large investments. Bureaucracy, International agreements on climate change, hidden costs related to obtaining permits and the lack of a supporting infrastructure for green energy are frequently encountered barriers, especially in developing countries (Hudson, Hunter and Peckham, 2019).
On an economic level, the transition to renewable energy is significantly influenced by costs, budgets and profitability prospects. In general, the installation of green energy systems involves considerable initial investment. Although in the long term these technologies lead to operational cost reductions, not all hotels have the financial capacity to support such projects from the beginning (Ounmaa, 2021).
Another important element is related to consumer behaviour. Customers in the middle and upper segments are increasingly sensitive to environmental issues and choose hotels that demonstrate clear commitments to sustainability. Investing in renewable energy is not only an ecological measure, but also a marketing strategy that can lead to increased revenues and guest loyalty (EHL Graduate School, 2024).
At the same time, renewable energy can become an element of differentiation in a competitive market. Hotels that openly promote the use of green energy can attract environmentally conscious customer segments, including international tourists and corporate groups that have socially responsible policies (Gielen et al., 2019).
From a social point of view, the shift towards renewable energy is supported by a visible change in the mentality of the public. Hotel guests are becoming more aware of the impact of their choices on the environment, and this directly influences consumer preferences. More and more tourists are consciously choosing accommodations that are certified green or that transparently communicate sustainable initiatives, highly concern about “greenwashing” (Cooper and Hall, 2019). According to Statista (2024), travellers are becoming increasingly concerned about the environment, and the primary reason visitors stay in sustainable accommodations is to lessen their environmental impact.
At the same time, corporate social responsibility is playing an increasingly important role. Hotels that invest in green technologies not only reduce their carbon footprint but also send a strong message about their involvement in the good of the community and the planet. This strengthens the brand's reputation and strengthens the trust of customers, employees and partners (Meng et al, 2024).
An interesting aspect of the social area is the involvement of hotel staff. Energy transition projects are more successful when they are supported internally by employees who understand and appreciate the purpose of these initiatives. Staff training in sustainability and clear communication of the benefits contributes significantly to the effective implementation of renewable solutions (Meng et al., 2024).
Technology is one of the most dynamic and decisive components in the adoption of renewable energy. In recent years, advances in solar panels, small wind turbines and geothermal systems have made these solutions more efficient and affordable.
New systems allow the integration of green energy directly into the hotel infrastructure, without affecting the comfort of guests. For example, many modern hotels use intelligent energy management systems that monitor consumption in real time, automatically adjust the temperature in unoccupied rooms or optimise lighting at night. These solutions contribute to energy efficiency and complement the use of renewable sources (Maka and Alabid, 2022). 
Latest technology as the Internet of Things (IoT), enable more efficient resource monitoring and management. Smart sensors, for example, may adjust lighting and temperature based on the presence of guests (Sloan, Legrand and Chen, 2017).
Technology also helps to provide transparency for guests. Some hotels use mobile apps or digital displays to show guests how much energy has been generated in real time, how much water has been saved or how they can contribute to the collective effort. This open communication not only informs but also actively involves guests in the process (Batabyal and Das, 2019).
However, technology also comes with challenges. The cost of equipment remains high in some regions, and a lack of specialised technical staff can limit the ability of small hotels to manage complex systems. Also, adapting green technologies to older buildings, which were not designed for energy efficiency, requires customised and often expensive solutions (Hawkins and Bohdanowicz, 2012).

Conclusion 
The transition to renewable energy is no longer a future option, but a present necessity for the hotel industry. As political, economic, social and technological pressures become increasingly evident, hotels are forced to adopt sustainable solutions to remain competitive and responsible. Implementing green energy sources, such as solar panels, geothermal systems or smart consumption management solutions, contributes not only to reducing environmental impact, but also to improving brand image, attracting customers and lowering operational costs in the long term. To survive and remain successful in this hostile environment, tourism businesses must reinvent themselves through the use of knowledge and innovation, as well as the capacity to capitalise on their knowledge-based resources. 

Recommendations
For the transition to renewable energy to be effective and sustainable in the hotel industry, a coherent, planned and adapted approach to the realities of each organisation is required:
· Implement a net-zero carbon emission roadmap: the map should incorporate renewable energy adoption into larger carbon reduction initiatives, energy efficiency measures, and regular performance assessments. Hotel operators should develop organised sustainability plans that cover both short- and long-term energy transition goals. These programs should combine renewable energy adoption with broader carbon reduction goals, energy efficiency measures, and regular performance assessments (World Travel and Tourism Council, 2024).
· Renewable energy sources: green roofs implementation, solid biomass, fuel cells are modern, sustainable, and efficient energy technologies utilised in a variety of industries, including hotels, to meet heating and power requirements. Despite their high installation costs, they are pushed with government assistance and financial subsidies.
· Integrating solid biomass into hotels provides a sustainable energy solution that reduces environmental impact while increasing energy security. Technological developments and smart planning can contribute to a more environmentally friendly future. Biomass combustion, a mature technology utilised in a variety of industries, can generate heat in hotels. It is also useful for heat and power cogeneration, which generates hot water or steam. These technologies are reliable and cost-effective (Vourdoubas, 2024).
· Implement energy management
- focus on enhancing efficiency through innovative technology, furniture, fittings, and operations, designing energy-efficient buildings, engaging guests and personnel, and optimising carbon reduction solutions.
-producing more renewable energy on-site at properties, acquiring green energy from external suppliers, and assisting the acceleration of power systems toward renewables and away from fossil fuels.
-supporting the electrification of equipment and appliances, as well as the development of a network infrastructure for generating, storing, and distributing power. 
· Constant monitoring and adaptation- a good plan is not enough if it is not constantly evaluated. It is recommended that hotels periodically monitor their energy consumption and adapt the strategy based on results, feedback, and technological developments (Clegg, Skyttermoen and Vaagaasar, 2021). 
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