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Abstract
This study analyses impact of sustainability in the hotel and hospitality sector using a secondary qualitative data collection and PEST analysis framework. Key factors influencing the industry include evolving environmental regulations, rising operational costs, shifting consumer preferences towards eco-friendly experiences, and rapid technological advancements. The study highlights industry responses such as green certifications, energy-efficient technologies, and transparent ESG reporting. Strengths and limitations of these initiatives are discussed. Based on the analysis, strategic recommendations are provided to guide hotels towards sustainable growth. Emphasis is placed on technological integration, community partnerships, transparent communication, and scalable renewable energy adoption to enhance long-term competitiveness and environmental responsibility.


1. Introduction
Sustainability and the pursuit of net-zero emissions have become crucial priorities for hotels and the hospitality sector for the response to rising environmental issues and global imperatives on climate change (Batabyal and Das, 2019). The industry, known for its resource-intensive operations, majorly contributes to carbon emissions through waste generation, energy consumption, and water usage (Ford and Sturman, 2019). Along with the rise of global awareness of environmental impacts, hotels seemed to be under critical pressure from consumers, governments, and stakeholders to adopt eco-friendly practices, keeping alignment with global sustainability goals, for instance, the Paris Agreement and United Nations SGDs. Such change not only addresses environmental responsibility, but also provides competitive advantages through improved brand reputation, cost savings, and achieving the expectations of environmentally conscious tourists. Considering the global footprint of the industry and its potential for larger-scale environmental impact, the adoption of net-zero and sustainability strategies is not just a trend, but a vital requirement. The paper, therefore explores the importance of this theme, emphasising on innovative energy management solutions for operations in hotels. 
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Importance of Energy Management in Hotels: 
According to Costa and Costa (2022), one of fast-growing and largest sectors in the world is tourism. The authors have particularly noted that the socioeconomic advances and economic growth is crucially driven by the hospitality industry in both developing and developed countries. Hospitality industry contributes to 6.9% of employment, along with 4.4% to the GDP, and also the respective 21.5% to service-related exports to OECD nations. Given the vast impact of the hospitality sector, the findings of Arenhart et al. (2022) can be analysed to assess the importance of energy management. The regression model analysis indicated higher revenue in hotels is associated with the significant higher energy use. The use of energy prediction models in hotels has been proven to improve sustainability. 
Sustainable Energy Solutions in Hotel Operations: 
Singh et al. (2024) has highlighted several sustainable hotel energy systems and their performance in various hotels. The first system is solar photovoltaic or PV panels. This system is recognised for converting sunlight into that of the electricity to minimise reliance on fossil fuel. Solar PV can generate nearly 30-60% of total energy needs, according to solar potentials and geographic location. Hotels in Spain and Maldives reported up to 40% cost savings annually, while further lowering emissions of greenhouse gases. Another significant solution is energy-efficient lighting which can reduce energy consumption by 75-80% with the additional benefits of a lower maintenance cost and longer lifespan. Smart Building Management Systems leverage automated controls and sensors for optimising energy consumption in real time. 
Smart Energy Management Systems (SEMS): 
The study of Gatwiri et al. (2024) discussed that SEMS integrate sensors and IoT devices to monitor real-time energy consumption. With this capability, SEMS can assess the patterns of energy demand and adjust operations accordingly. The integration of SEMS, according to the authors, aligns with some of the important global trends toward cost efficiency and sustainability. It has been noted in past studies that SEMS can gain substantial energy savings, increasing potential for hotels to develop a greener future. 
Global Standards and Certifications Driving Change: 
Rodríguez-García et al. (2023) has discussed sustainability certifications for hotels. The authors have referred to the Sustainable Hospitality Alliance while stating that the most recognised certifications are Green Globe, Green Key, Earth Check, Travelife Sustainability and EU Ecolabel, emphasising the GSTC Criteria to be some of the international sustainable standards related to the sustainability certification. These certifications are concentrated on the processes adhered in the activity of the hotel. However, the authors stated that there are other types of certifications relying on the building of the hotel. 
Consumer Demand and Market Pressure: 
Sun et al. (2024), the increasing environmental problems within the hotel industry at present have made different organisations face constant pressure from the stakeholders for environmental concerns. Pressure for green labelling and eco-friendly production are the key stakeholder pressure within the hotel industry. In the digital era at present, consumer pressure has been identified by the author to be one of the most vital drivers of green innovations in firms. In terms of market pressure, the authors have emphasised on competitive pressure. It is highlighted that there is a growing issue that customers mostly buy different green products. Such a notion is crucial for firms to meet environmental standards, leveraging green production. The organisations facing competitive pressure at present are compelled to provide ecological services and goods. Green hotels have adopted GPI to compete in the current market. 
Challenges and Barriers to Net-Zero Implementation: 
According to Mavrigiannaki et al. (2021), the transition to Net Zero Energy coming from the building to settlement scale has been approached theoretically in several papers. However, the key issues revealed by the authors were external barriers raised by the regulations and some of the important planning policies. Another challenge was to manage and integrate the requirements and needs of project stakeholders. The authors identified that the regulatory barriers related to the national and local planning processes and regulations, seem to limit, discourage, prevent, or delay the implementation of NZE settlements. These mostly include, however not limited to, barriers associated with long-term urban planning, getting building permits, and the approval of hybrid and communal renewable energy systems. On the other hand, the challenges introduced by project management mostly result from the novelty of its approach, requiring collaboration along with the alignment of a diverse project team (Mavrigiannaki et al., 2021). It includes barriers associated to project team assembly, to the reduce adaptability of the team to cooperate in some of the unexpected circumstances.
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The study employed a secondary qualitative research method to assess the role of sustainability and net-zero strategies in the hotel industries, with a particular focus on the solutions of energy management. Data collection process has been done from journal articles, case studies, and industry reports. This is because secondary data collection is cost-effective and is suitable for time constraint projects (Martinsuo and Huemann, 2021). Furthermore, use of credible online sources has been done in this paper, such as publications from the International Energy Agency, UNWTO, and sustainability reports of leading global hotel chains. The sources have been used because secondary qualitative data help in gathering information with in-depth knowledge about the practices, trends, and challenges that are handled by hospitality organisations at present. After completing the data collection process, a thematic analysis method has been applied to analyse the key themes derived from present information. While conducting thematic analysis, application of a theoretical framework has been done to structure the findings section of this paper. The PEST framework is a well-suited tool for this study and it has been presented in a tabular format in the following section (Cox, 2021). The application of this certain framework has assisted the researcher to critically assess macro-environmental impacts imposed by sustainability approaches on the selected industry. In addition to providing a structured analysis, the framework is also crucial to demonstrate how the technological evolution, policy changes, and consumer influence around the world impact the adoption of energy-efficient systems and net-zero goals. 
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	Factor
	Impact Analysis
	Industry Responses
	Strengths
	Limitations

	Political
	- Governments worldwide are enforcing stricter environmental regulations, carbon emission reduction targets, and green building standards. - Policies like the EU Green Deal, US Inflation Reduction Act, and UK Net Zero Strategy are pushing industries, including hospitality, towards sustainable operations (Bailey and Tomlinson, 2024). - Carbon taxes and penalties for high-emission businesses are increasing. - Cross-border agreements like COP28 commitments are fostering global alignment on decarbonisation, affecting multinational hotel groups (Bustamante et al., 2023).
	- Major hotel groups (e.g., Marriott, Hilton, Accor) have committed to achieving net-zero emissions by 2050 (Marriot, 2021). - Implementation of green building certifications (LEED, BREEAM) for new and existing properties. - Partnerships with local governments for eco-tourism initiatives and sustainable development. - Participation in global alliances such as the Sustainable Hospitality Alliance to influence policy.
	- Alignment with regulatory requirements reduces legal risks. - Improved public image through proactive compliance. - Access to government incentives and subsidies for green projects. - Collaboration in global initiatives enhances lobbying power and knowledge-sharing.
	- Compliance costs can be high, especially for small and mid-sized hotels. - Regulatory variations across countries create inconsistency in implementation (Steinebach, 2022). - Long approval processes for retrofitting existing buildings. - Smaller chains have limited influence on policy-making.

	Economic
	- Rising operational costs due to energy price volatility and global economic instability (Chang et al., 2022). - Increasing demand from eco-conscious travellers willing to pay premium rates for sustainable hotels. - Availability of green financing options, green bonds, and ESG investments for sustainable projects. - Economic resilience of sustainable hotels attracting corporate clients with ESG mandates.
	- Investment in energy-efficient technologies (LED lighting, smart HVAC, solar panels) to reduce long-term energy costs. - Adoption of Green Key or EarthCheck certifications as a marketing advantage (Velaoras et al., 2025). - Dynamic pricing models showcasing eco-friendly practices to justify higher room rates. - Introduction of ESG-linked hotel bonds to finance sustainable upgrades.
	- Significant long-term cost savings on energy bills and waste management. - Enhanced competitiveness through sustainability-driven branding (Zada et al., 2025). - Attraction of ESG-focused investors and corporate clients. - Diversification of revenue streams through eco-tourism partnerships.
	- High initial capital investment and long payback periods for renewable energy infrastructure. - Financial constraints for independent hotels and small chains. - Economic downturns may shift focus away from green investments temporarily. - Difficulty accessing green financing without strong credit profiles.

	Social
	- Growing consumer awareness and demand for eco-friendly hospitality experiences. - Pressure from NGOs and sustainability advocacy groups to adopt green practices (Cooper and Hall, 2022). - Shift towards responsible tourism post-pandemic, with guests seeking low-impact stays. - Social media amplifies guest expectations for transparency on green initiatives.
	- Introduction of “Green Stay” programs offering guests incentives for reducing linen washing, energy use, etc (Jayaraj and Chandrakala, 2024). - Community engagement initiatives focusing on local sourcing, biodiversity conservation, and waste reduction. - Staff training programs on sustainability and environmental awareness. - Enhanced guest communication through sustainability dashboards in lobbies and apps.
	- Strengthens customer loyalty and enhances brand reputation. - Creates differentiation in a competitive market. - Improves employee engagement through meaningful sustainability initiatives. - Positive social media visibility boosts organic marketing reach.
	- Consumer scepticism towards “greenwashing” can harm brand trust if claims are not backed by transparent actions. - Cultural differences may affect the acceptance of certain green practices globally.
Small hotels struggle to match the scale of social impact programs of large chains (Calisto et al., 2021). - Changing consumer preferences require continuous adaptation of strategies.

	Technological
	- Rapid advancement in Smart Energy Management Systems (SEMS), IoT, and AI-driven solutions for optimising hotel energy consumption. - Growth of renewable energy technologies (solar, wind, geothermal) for onsite generation. - Emergence of carbon tracking and reporting software aligned with ESG requirements. - Tech innovations like AI-powered guest apps promoting sustainable choices (e.g., CO2-saving tips).
	- Integration of IoT-based sensors for real-time energy monitoring and predictive maintenance. - Deployment of AI-driven automation for HVAC, lighting, and water management systems. - Adoption of blockchain technology for transparent carbon footprint tracking. - Examples: IHG’s “Green Engage” system, Hilton’s “LightStay” platform (IHG, 2025). - Use of guest-facing apps to encourage energy-conscious behaviours.
	- Significant improvements in operational efficiency and energy savings. - Real-time data enables better decision-making and reporting. - Supports compliance with international ESG standards and reporting frameworks. - Enhanced guest engagement through tech-driven sustainability initiatives.
	- High costs of technology deployment and system integration. - Requires skilled personnel for operation and maintenance. - Cybersecurity risks associated with connected systems and data privacy concerns. - Smaller hotels may face technological adoption barriers due to lack of scale. - Risk of technological obsolescence demands continuous upgrades (Furneaux et al., 2022).


Table 1: PEST Analysis Table
(Source: Self-created)
This thematic analysis outlines the multidirectional effect of political, economic, social and technological factors on sustainability in the hospitality industry. It highlights how global regulation along with consumer preference and technical innovation are shaping hotel operations. Major hotel groups are adopting green standards and technologies for meeting evolving demand that enhance brand value and comply with the eig framework. While these strategies offer significant long term benefits like cost saving and customer loyalty, challenges are still present especially for smaller hotels who face high compliance and investment costs. The shift in industry towards sustainability is evident which requires balance strategies to overcome financial, regulatory and technological limitations.
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The hospitality industry is impacted by political, economic, social, and technological factors driving the shift towards sustainability as noted in the PEST analysis. Leading hotel chains, as evident from case study examples, are adopting eco-friendly practices, advanced technologies, and community-driven initiatives to meet regulatory demands and consumer expectations. However, challenges such as high implementation costs, inconsistent global regulations, and greenwashing concerns persist. Despite these hurdles, sustainable practices offer long-term benefits including operational efficiency, enhanced brand reputation, and investor attraction. The challenges can be mitigated with the help of including some of the effective strategies that are directly associated with the involvement of better growth in the market. 
[bookmark: _Toc198334120]Recommendations 
Recommendation 1: Certifications for the green activities: Various hotels can focus on the utilisation of the green certifications that can help in dealing with some of the important sustainability activities (Hazarhun et al., 2023). It can be beneficial for dealing with the inclusion of the credibility for the investors and also for the case of travellers who are travel conscious. This can include the involvement of the local policies and different international authorities to deal with the challenges and incorporate some of the incentives. 
Recommendation 2: Investing more on the scalable solutions: The inclusion of the investment for the case of the small hotels can consider the investment for the renewable sector. The consideration of green financing can be beneficial to ensure the reduction of the financial burden and partnering with various ESG bonds and providers (Ogunsola et al., 2024). It can focus on the respective usage of the HVAC, various solar panels and also different smart lighting for the hotels. 
Recommendation 3: Improve technological integration: Investment in advanced technologies such as AI-driven energy management systems, IoT sensors, and carbon footprint tracking system is necessary. Resource usage is optimised by these technologies, besides lower operational costs, and accurate ESG reporting (Saxena et al., 2022). Training staff on cybersecurity measures and digital tools will further improve the effectiveness of these proposed solutions. 
Recommendation 4: Strengthen transparency: Global consumers have become highly sceptical of vague claims of sustainability. Guest engagement and trust could be built by creating interactive dashboards where water savings and real-time energy savings are displayed (Soares et al., 2021). Therefore, hotels should commit to transparent communication by publishing verified reports on sustainability, leveraging third-party audits, and showcasing measurable environmental impacts transparently. 
Recommendation 5: Foster local community and supply partnership: Sourcing locally-produced products, engaging in community-based tourism, and supporting regional artists would not only reduce hotel’s carbon footprints, but they will also enrich overall guest experiences (Martínez, 2024). These partnerships can strengthen the social license of the hotels to operate and keep alignment with the global trend for responsible tourism. 
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