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[bookmark: _Toc197361778]Abstract
This research looks at the increased pursuit of sustainability and net zero emissions in the hotel and hospitality industry. It provides a PEST analysis of how the political regulation, economic pressure, social demand, and technological advancement affect the eco-friendly practices adoption in this sector. The study addresses energy-efficient technologies, waste reduction and water conservation and the benefits and the hardships of hotels. Industry examples include Hilton, Marriott, Accor, among other stronger leaders when implementing sustainable initiatives, but smaller establishments are restricted financially as well as infrastructure wise. The research uses secondary data and thematic analysis to assess the impacts on environmental, social and economic aspects. These findings illustrate why standardised sustainability reporting, more corporate and technical support for SMEs, providing more training opportunities for staff and orchestrating better guest engagement are needful. While progress is visible, it finds that current progress is predicated on a more collaborative and inclusive industry wide effort. Future recommendations for scalable technologies, stronger government incentives and integrated strategies to embed sustainability into the core of hospitality businesses world-wide are made.
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Hotel & Hospitality industry is piloting sustainability and the path towards net zero emissions. With global awareness of environmental issues on the rise, hotels around the globe are facing more and more pressure through government, consumers and investors to reduce their ecological footprint (KIZANLIKLI, 2024). With high energy consumption, huge volume of waste, and large quantities of water used, hospitality is — by nature — a very big part of what is meant by a global ‘push for sustainability’. As a response, many hotels are now using energy efficient building designs, renewable energy systems with the use of solar panel systems, and a complete recycling program (Karvounidi et al., 2024).
It is not only motivated by environmental responsibility, but it also follows the change in customer demand. Nowadays, modern travellers are more eco-conscious and prefer to stay in the hotel premises which reflects its strong environmental ethics (Iyengar & Venkatesh, 2024). Also, adopting sustainable practices can result in long term cost savings and improved brand reputation which helps to develop a competitive advantage. However, as climate change has a negative impact on global ecosystems, the industry’s struggle towards net zero emissions is gaining urgency (Kumar et al., 2024). As a broader trend in the sector, the focus on achieving sustainability is becoming increasingly popular within the core business strategies and is now considered a priority overall for the sector’s long-lasting resilience and success (Alkhodary, 2023).
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2. LITERATURE REVIEW
Hotel and hospitality sector is on the rise in energy efficiency and smart technologies to reach its sustainability and net zero goal. In this literature review, energy efficient systems implementation, smart technologies integration and the challenges and benefits of this is studied.
2.1. Energy-Efficient Systems in Hotels
Different energy efficient systems have been adopted by hotels to lessen its environmental impact and operational costs. These key interventions include the installation of solar photovoltaic (PV) panels, geothermal heating and cooling systems, energy-efficient lighting and advanced smart building management systems. Not only are these technologies able to reduce energy consumption they can also increase comfort and service within the hotel (Singh et al., 2024).
Here is the example for solar PV panels: Solar PV panels are able to generate up to 30–60% of a hotel’s overall energy demands based on location and solar potential. After embedding solar PV system in hotels in Spain and Maldives, energy cost has been reduced by up to 40 percent per annum (Singh et al., 2024). 
2.2. Smart Technologies and Building Management Systems
In hotels, energy management is being changed by the integration of smart technologies including Internet of Thing (IoT) devices and smart Battery Management System (BMS). Occupancy patterns and environmental conditions are monitored in real-time, and these systems vary based on occupancy patterns and environmental conditions for dynamic adjustments of HVAC, lighting and other systems (Tien et al, 2022). 
For instance, a smart BMS was implemented in a hotel in Singapore, resulting in 30% of overall energy reduction, a savings of USD 100,000 dollars per year (Singh et al., 2024). Luxury hotels like IHG, Marriott and Hilton are using a BMS linked to occupancy sensors, which help vary temperature to improve energy consumption with no impact to guests' comfort (FrontHill, 2024). 
2.3. Case Studies of Sustainable Practices
However, the implementation of sustainable practices by many hotels is very successful and could become models for the industry. Fort Worth, Texas based Sinclair Hotel uses Power over Ethernet (PoE) technology to power amenities, which saves them 30-40% in energy. Along with that, the hotel has also installed a lithium-ion battery backup system for power during cuts (Child, 2023). 
The Populus Hotel in Denver is America's first "carbon positive" hotel, and says its materials are built on low carbon, its operations require no fossil fuels, and it will plant trees to absorb the remaining emissions. But experts say that such sustainability claims are hard to put into practice and hard to see who gets the credit for them (Hesse, 2024). 


2.4. Barriers to Implementation
However, despite the advantages, hotels have hurdles to overcome before there is rollout of energy efficient systems (Singh et al., 2024). However, significant obstacles are the high initial investment costs, technological challenges in retrofitting the existing infrastructures and the cultural resistance within the organizations. Lack of awareness, regulatory complexity and lack of financial constraints are other limiting factors which hinder adoption (EHL Graduate School, 2024). 
Additionally, a hotel’s carbon footprint needs to be considered fully, including those from construction, maintenance and demolition. Despite these limitations, retrofitting of existing buildings can bring about substantial improvements but only in so far as existing infrastructural and budget constraints allow (Wang & Wu, 2025). 
2.5. Role of Stakeholder Collaboration and Financial Incentives
For scaling sustainable energy intervention, collaboration among stakeholders — hotel owners, industry associations, policymakers and financial institutions is important (Singh et al., 2024). However, financial incentives such as tax benefits, grants and low interest loans can compensate for the steep initial investment costs needed to make technologies sustainable. 
As an example, government schemes for the promotion of renewable energies in Germany led between 2020 and 2023 to an increase of 40% in the number of hotels that installed solar PV systems. In the U.S. hospitality sector, green loans and carbon credits enabled mid-sized hotels to fund energy efficient retrofitting project which yield annual cost savings per property of more than USD 50,000 (Singh et al., 2024). 
2.6. Enhancing Guest Experience through Sustainability
Energy efficient systems and smart technologies not only improve the operational costs but are also a good system for improving the guest experience. Through policy or app, room automation in in-room allows guests to adjust room temperature, lighting, and entertainment systems to control and personalize their comfort. Smart thermostats and motion sensors adjust settings on the premises when the rooms are unoccupied, hitting on the energy efficiency (Oladiran & Dickins, 2025). 
Moreover, other initiatives such as the Hotels for Trees program, for example, invite guests to engage in doing their share for the sustainability by planting a tree every time a guest chooses to skip the housekeeping daily (Walker, 2023). 
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[bookmark: _Toc197361782]This research is mostly based on qualitative intentions, involving the collection of secondary data to analyse sustainability and the net zero strategies in hotel industry. Information was acquired from different credible sources which include peer reviewed journal articles, industry reports, government publications, and sustainability web sites. Specifically, relevance, credibility, and recency were regarded as selection criteria, while publication within the past five years was a preference for the most recent information related to the industry being covered. Thematic analysis technique is used allowing identification of key patterns, strategies and challenges with respect to energy efficiency and smart technologies in hospitality settings. Such method helps to gain an insight into how hotels embed sustainable practices and the outcome of the same. This thematic facilitates assessing energy-efficient practices’ impacts on the level of hotel operations, guest experiences, and long-term hotel profitability. It also includes a PEST analysis (Political, Economic and Social, Technological) later in the report to help to understand external factors that affect sustainability trends of hospitality.
4. THEME IMPACT ANALYSIS
As part of this analysis, the PEST approach (Political, Economic, Social and Technological) is used to analyse how these factors affect the integration of sustainable practices, describe real industry responses, such as successes, and challenges.
4.1. Political Factors
The new environmental regulations, and climate policies that are coming in on governments all over the world, are directly impacting the operations of the hotel. Carbon emission limits, building energy codes, and sustainability certifications, drive hotels to improve their environmental performance, and regulations include carbon emission limits, building energy codes, and the like sustainability certification. The Green Deal in the EU pushes for the investment in energy efficient infrastructure coupled with reducing the waste in hospitality businesses (Liobikienė, 2023). According to the Climate Change Act and the raising net-zero targets’ hotels in the UK must align themselves with the national sustainability goals (Pinchbeck et al., 2025). Hotels that react to these political pressures proactively tend to score more tax incentives, grants and reputation. Caswell (2024) wrote that the Radisson Hotel Group is using renewable energy to reduce carbon emissions, and follows the Science Based Targets initiative (SBTi). Their scope is to reduce greenhouse gas releases by 46% by 2030 and want to achieve net-zero by 2050.
4.2. Economic Factors
Remediation features that are often energy efficient entail initial technology investment, such as solar panels, geothermal systems, or smart building controls. These investments always produce long term operational savings, but they are economically viable depending on location, scale and access to funding. Particularly, Marriott International had invested a lot in LED lighting and energy saving HVAC systems in all its worldwide properties and had reported substantial decreases in utility costs (Menegaki, 2025). Economic advantages from sustainability are then shown in terms of these cost savings and improvements in brand equity, but the economic impact is not equal. Indeed, most of the mid-range and smaller hotels have difficulty in financing the sustainable retrofitting projects, and particularly in developing countries. As a result, this financial barrier limits the adoption of such a trend, which in turn can lead to a fragmented industry response, only to see wealthier brands tell the sustainability narrative (Khatter, 2023).
4.3. Social Factors
Strong driver of sustainability in hospitality is changing consumers’ attitudes towards environment. These days, modern guests are particularly looking for environmentally conscious accommodations, people of millennial and Gen Z generations are looking for environmentally responsible accommodation (Sharma et al., 2024).  Sustainable programs that involve guests opting out of housekeeping in favour of tree planting are a great example of guest engagement combined with guest support for sustainability through 'Hotels for Trees' type programs in Europe. Accor’s Planet 21 program also supports local sourcing, waste reduction, and guest participation in eco initiatives (Kapoor et al., 2023). 
Still, there is a limitation regarding the ‘greenwashing’ of hotels, where they hype or lie about their environmentally friendly initiatives. Some sustainability claims have the potential to mislead consumers, harmed brand credibility, without transparent reporting or third-party verification (Cooper & Hall, 2023).
4.4. Technological Factors
The achievement of net zero goals is all thanks to technology. Modern hotel infrastructure comprises of smart building systems, such as automated lighting, occupancy sensors, and smart thermostats, that are integrated in order to optimize the use of energy. The energy and water usage in hotels is monitored in real time by IoT (Internet of Things) devices to enable hotels to make data driven decisions for efficiency improvement.
Similar to that, hotels in Singapore have mainly employed smart energy management systems which regulate lighting and temperature depending on the occupancy rates, resulting in tremendous reduction in energy costs. The adoption of these technologies can be difficult and expensive, however, particularly for older buildings (Singh et al., 2024). Heritage hotels or resorts located in remote areas present the challenge of retrofitting is difficult in terms of technological compatibility and return of investment. 
4.5. Critical Reflection: Strengths and Limitations of Industry Responses
Hilton Hotel set standards by integrating environmental goals into core business with top projects such as the “Travel with Purpose” and IHG’s “Green Engage” system. In fact, they are programs that track energy usage, water consumption as well as carbon emissions, providing transparency and accountability (Wang et al., 2024). Sustainability efforts of such hotels are usually accompanied by the positive changes in the image of the brand, the operational efficiency, and customer satisfaction (Lin et al., 2025).
The maturity of science based and measurable sustainability targets at this level of maturity is a key strength of the industry. Credibility has been improved and continuous progress achieved through public reporting, third party certifications, and stakeholder collaboration.
However, significant limitations persist. Widest adoption is limited by financial constraints, especially for small and medium sized enterprises. Also, there are no industry metrics standardized which would enable comparison of sustainability performance with other brands. Also, the lack of skilled personnel (sustainability planning & execution) causes slack in innovation and implementation (Kapoor et al., 2023).
Additionally, most of sustainable efforts still operate and do not translate into a strategic initiative. One’s practices of green -such as towel reuse and plastic elimination - may indeed be valuable, but deeper system-level change – supply chain transformation, or carbon neutral construction, for example – are less frequent and harder to realize.
[bookmark: _Toc197361783]5. CONCLUSION 
Today, sustainability and the idea of net zero advancements are sought-after contemporary topics that have much of an impact on hotel operations not only due to increasing regulations but also due to the public demand or the fundamental technological development. Despite that larger hotel chains are picking up green innovations compactly, small ones face the problem of finances and infrastructure. Through a PEST analysis, it was revealed that there is strong intent within the industry response, however the industry is still lacking in consistency, accessibility, and structural change over a longer term. Since, hotels must adopt sustainable strategies that are scalable, transparent and measurable for impact to be lasting. Moving forward, efforts should be in industry wide collaboration, support from the Government for the SMEs, and more investment in sustainable technologies for a more inclusive path to our net zero hospitality.
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6. RECOMMENDATIONS 
On the basis of sustainability and net zero efforts evaluation within the hotel and hospitality industry, several key recommendations are derived to assist in the transition to more inclusive, impactful and long-term support to environmental responsibility.
6.1. Provide Strengthen Government and Industry Support for SMEs.
While large hotel chains will have the finances and global frameworks in place to introduce green practices, the smaller independent hotels are at a loss when it comes to budget. Targeted subsidies, low-interest green loans and grant programs should be implemented by governments and industry associations to persuade small and medium sized enterprises (SMEs) to book sustainable infrastructure (Vongvisitsin & Tung, 2025). Furthermore, industry-specific toolkits and advisory services will help SMEs to implement eco-friendly practices so efficiently.
6.2. Standardise Sustainability Measurement and Reporting:
Inconsistency in measurement and communication of sustainability performance has been one of the major challenges in the industry. A standardised reporting framework (aligned with global standards like the Global Reporting Initiative (GRI) or Science Based Targets initiative (SBTi)) can increase transparency and accountability (Bosetti, 2023). Energy use, carbon footprint, waste management and water conservation should be regularly encouraged or required from hotels.
6.3. Invest in Staff Training and Sustainability Culture.
The sustainability must take deep rooted position in the core values of the hotel operations rather than casting it as a compliance task. Organisation should invest in staff training and education on how to adhere to sustainable operations and eco-conscious guest services (Al Falah, 2023). It should be allowed for green improvements to be suggested and implemented at all levels by employees.
6.4. Involving Smart and Scalable Technologies for Enhancing Use:
However, technological innovation can largely mitigate the environmental impact. A smart management of energy, sensor-based lighting and climate control and water saving technologies should be prioritized in hotels. Development of open-source platforms or shared software models could be done by hotel associations to make the advanced systems affordable and scalable for properties of different types (Aggarwal & Mittal, 2024).
6.5. Strengthen Guest Engagement Initiatives:
Sustainability is what modern travellers prioritize, yet most guests are unaware of how their individual behaviours affect the hotel’s carbon footprint. The interactive and educational programs will help engages the guests in green practices, those being the energy saving options, towel reuse programs as well as the carbon offset contribution at the checkout (Mandal et al., 2025).
In summary, there is the need of combining financial support, technological innovation, workforce training, and guest involvement to realize effective and industry-wide progress towards sustainability and net-zero targets in hospitality.
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