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Modern hospitality represents a sector-wide strategy addressing environmental problems together with social duties and monetary sustainability guidelines. Every facet of hospitality generates considerable energy waste along with substantial water consumption by using large amounts of resources in hotels, restaurants, and resorts. Such pervasive public interest regarding environmental matters and resource depletion products has positioned sustainable hospitality processes as critical imperatives for the hospitality sector (Mahajan et al.,2024). Demonstration of consumer support for sustainability alongside regulatory demands and stakeholder pressure has driven the hospitality industry to transition into sustainable operations. Tourists now choose facilities that pursue low-emission approaches, which leads hospitality businesses toward green certification while implementing renewable energy and waste reduction measures. Hotel associations operating at a large scale installed solar power systems with intelligent power controls and water reuse facilities to establish baseline standards for hotel facilities. Despite these efforts, challenges persist. Sustainable operational practices remain a challenge for small businesses because they simultaneously deal with money-related limitations and limited access to modern technologies and specialised skills. Multiple opportunities exist to facilitate innovation alongside collaboration. The hospitality industry has multiple emerging options available for potential implementation, including artificial intelligence systems for energy optimisation, compostable materials, and circular economy procedures (Herath et al.,2024).  
Sustainability is common in the hospitality industry because business operations must tackle climate effects yet still maintain customer satisfaction. Combining future-proof approaches will help hospitality organisations create enduring improvements and sustainable outcomes for the future.
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Literature review 
Energy Management Systems in Hotels
Energy management has thus emerged as one of the critical strategic areas of sustainability in the hospitality business. Especially hotels are large energy users because they have many services, which are provided all the time, for instance, heating, ventilation, air conditioning, lighting and others to satisfy the guests. New energy management solutions not only save money but are also beneficial for the environment and help to meet the goals of international climate change agreements (Legrand et al.,2022).
Energy management systems are today considered part of the standard hotel operations. These systems provide the means of observing and controlling energy consumption within various sections of a hotel in real time. EMS is a way of identifying and collecting information on HVAC systems, lighting, and large appliances in households to help the managers of hotels identify weak areas and make appropriate changes. For example, with EMS, it is possible to control the changes in energy consumption based on the occupancy of the area to prevent excess usage of energy (Smeenk et al.,2023). 

Renewable Energy Adoption
Another useful trend in raising energy efficiency within hotels is the application of renewable energy sources. The literature revealed that many hotels have adopted strategies that are sensitive to environmental sustainability. It also has implications for future research to try to establish the relationship between the types of RE adopted in the hotel industry and the effect on green practices and sustainability (Prakash et al.,2023).
 
Innovative Architectural Designs
Other architectural designs also affect energy management in one way or another. For example, the Populus Hotel in Denver, designed by Jeanne Gang, incorporates several aspects that resemble natural systems to enhance energy performance. The windows that are a feature of the building design also have ‘eyelids’ to reduce the solar heat gain through the windows. It is also important to incorporate secondary materials, including reclaimed wood, for the fencing and recycled leather on interior products. This roof houses vegetation that has been strategically created to encourage pollinators, thus enhancing the biophilic quality of the building. This design not only has a low energy rating but also brings the guests in contact with nature, which puts the guests in a position to appreciate the environment (Srihirun et al.,2021).

Challenges and Future Directions
But there are still some drawbacks even in the present situation of energy management. However, a major disadvantage of the advanced EMS and the renewable energy technologies is that the cost of installation is relatively high and could be a disadvantage to some firms. However, there is a need to conduct future research to determine the impacts of these innovations on operations and the environment in the future. Further study should be done on how inexpensive approaches may be implemented and how, for instance, AI and ML can help improve energy management within hotels. Hence, energy management innovations are important to the enhancement of sustainability in the hospitality sector. Application of energy management systems, renewable energy and green architecture shows that energy use can be balanced with the conservation of the environment. Expansion of these areas along with the increase in investment in research and development will be important if the hospitality industry is to progress in implementing a sustainability strategy and meet the requirements of its environmentally conscious consumers (Tejani et al.,2023). 
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Research Data Collection Procedures and Analytical Techniques  
The study of sustainability in the hospitality industry especially in energy, waste and water is a scientific process of collecting data, analysing and interpreting data to assess and hence come up with recommendations on current practices and future innovations.
  
Data Collection Procedures                                                                                    Primary data is obtained from questionnaires, interviews and case studies with hospitality managers, guests and other people in the industry. These methods enable one to assess the working problems, consumer wants, and the performance of sustainability strategies. Information gathered from journals, reports and publications from other organisations provides a framework for comparison and analysis of trends (Gustavsson et al.,2020).

Analytical Techniques                                                                                                 Both qualitative and quantitative methods are used in data analysis. Quantitative analytical techniques such as regression analysis, trend analysis, and descriptive statistics are employed to analyse the trends of energy and water consumption or waste management performance. The conventional analysis method, which is thematic analysis, can be used in identifying enablers and constraints to the implementation of sustainable practices (Washington et al.,2020).  

Tools and Frameworks:  
Some of the most important are the GSTC (Global Sustainable Tourism Council) criteria and ISO 14001 for environmental management. For instance, there are product-related tools such as Life Cycle Assessment (LCA) that analyse the environmental impacts; operational tools include the energy management systems (EMS). These procedures allow for an overall view of the concept of sustainability innovations and their implications for practice in the hospitality industry (Rodríguez-García et al.,2023).
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Analysis Using PEST Framework
It has been seen that sustainability is changing the face of the hospitality industry, especially in energy, waste and water management. In this paper, the PEST framework (Political, Economic, Social, and Technological) is used to analyse how these innovations affect the sector and real-world responses, opportunities, and challenges.

Political Factors
Environmental laws are being strengthened across the world with demands to cut down on carbon emissions and waste. For instance, the European Union’s Green Deal and increased energy efficiency codes in the United States are forcing hospitality organisations to go green. For example, Marriott International unveiled a global sustainability and social impact strategy, which includes cutting carbon intensity by 30% by 2030 (Ameh et al.,2024).
Strengths
These are the regulations that define the advancement of the sector and providers to meet the legal frameworks and, most importantly, the global climate agenda. It also enhances the industry leaders’ compliance with these policies, which therefore improves the brand image among environmentally conscious travellers.
Limitations: Due to the various requirements that have to be met to achieve these standards, many of the smaller hospitality entities suffer from a lack of adequate financial and managerial resources, thus leading to imbalances between the large corporations and the independent establishments. The legal frameworks in different regions may also provide challenges to compliance for international companies (Ghani et al.,2022).

Economic Factors
It is therefore important to appreciate the economic impacts of sustainability. Less expense on the utility bills due to energy-conservation friendly lighting, cooling and heating systems, as well as water-conservation friendly appliances also helps in future saving. Furthermore, green certifications increase guest traffic of environmentally friendly guests, which is beneficial for competition (Woodroof et al.,2020).
One such case is the Light Stay program of Hilton Hotels, which measures the energy use, water consumption and waste produced by different properties and has helped the organisation to save millions of dollars besides enhancing the performance of its operations.
Strengths 
These initiatives cut down the cost of operations thus putting into place measures that will help generate more income through sales of eco-tourism and green marketing. The consumers’ willingness to pay premium prices for sustainable services also improves company revenues (Henson et al.,2022).

Social Factors
When it comes to environmental concerns, the consumer is becoming more conscious, and when travelling, people want environmentally friendly accommodation. According to a survey conducted in 2023, 76% of travellers want Green Stays, which forced hotels to go green. For instance, Accor has recently introduced its planet 21 programme, focused on combating food waste, green buildings and every guest’s involvement in the principles of sustainable development. Accor’s “Tree Planting” program implies that the company ties up with the reforestation projects and the towel reuse campaign to engage the guests in the chain’s sustainability goals (Marin-Pantelescu et al.,2021).
Strengths
Through customer engagement in sustainability, companies can secure customer allegiance and portray themselves as a company of environmental stewardship. Such campaigns are usually more effective in creating awareness and encouragement of guests throughout the industry.

Technological Factors
In the area of hospitality, technology has been the key to sustainability. EMS for the control of energy usage and IoT devices such as smart thermostats and smart lighting systems minimize energy use. Other technologies that have been put in place include on-site composters and water recycling systems among others (Humayun et al.,2022).
The Populus Hotel in Denver is a perfect example of a new architectural design that incorporates ways of minimising energy consumption. The window design incorporates low solar heat gain, thus reducing the loads for the heating, ventilating and air conditioning systems. Likewise, Rosewood Hong Kong incorporates the water harvesting system in irrigation systems.
Strengths
Technology is a quantitative improvement in productivity and makes sustainability less expensive and more achievable. Advancements such as EMS and water recycling minimise the impact that is placed on the environment, at the same time saving the company money (Bradu et al.,2022).

Industry Responses: Strengths and Limitations
Marriott’s Serve 360 plan has four main areas of concern energy, waste, water, and suppliers. It involves policies such as halving food waste by 2025 and putting resources towards renewable energy projects.
Strengths
Marriott’s approach in this initiative is integrated, which corresponds to the global sustainability objectives, as well as improves the company’s image and prospects. Results are therefore well recorded in a manner that shows that progress is being made, and this is done transparently because everyone knows the results (Sanvitale et al.,2020).

Hilton’s Light Stay Program
Hilton’s Light Stay system provides a way of assessing the sustainability performance of properties to make informed decisions. According to Hilton, Light Stay has helped it to achieve a 30% decrease in carbon footprint while at the same reducing the cost by millions.
Strengths 
Light Stay is focused on the data which guarantees its efficiency and further evolution. It gives decision-makers the information to recognise problem areas and make appropriate changes.
Small luxury hotels usually pay much attention to the local environment and use local resources and methods. For example, the Brando Resort in French Polynesia is one hundred per cent run by renewable energy such as solar energy and coconut oil biofuel (Momsen et al.,2020).
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In the next decade, collaboration, innovation and the management of environmental and financial performance will be instrumental in delivering a sustainable hospitality future. To maintain competitiveness and achieve global sustainability, the hospitality industry must step up its efforts and take risks. In terms of sustainability, hotels must make a long-term commitment to renewable energy, circular economy, technology and their guests and employees. Sustained change and collaboration should be the focus for the future, as measurement of progress will be vital to continued success in sustainability.
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To further build on the evaluation of the energy, waste, and water management themes, the following recommendations are presented as a road map for the industry on how it can further improve its sustainability and remain profitable.
 Adopt Circular Economy Practices
The economic system, which can be described by the principle of circular economy, is based on the principles of minimising waste, using the products and materials one or more times. Hotels should manage their food waste in a way that the waste produced is turned into compost or bioenergy. For instance, the leftover food from the buffets can be donated to local non-profit organisations or food banks (Salama et al.,2021).
Invest in Renewable Energy Solutions
Hotels should speed up the process of change concerning energy sources. Some of the ways that can be used to reduce carbon footprints include placing solar panels, using wind turbines and buying biofuel. Cooperation with energy suppliers is another way through which hotels can guarantee cleaner energy at reasonable prices. For example, offsite renewable energy projects, for example, community solar farms, are useful for small business owners who cannot invest in onsite facilities (Morris et al.,2020).
Enhance Water Efficiency  
Smart irrigation systems and greywater recycling should be used on a large scale. These systems minimise the use of water in areas that have a problem of water scarcity. It is also necessary that hotels use low-flow fixtures in showerheads and faucets and encourage guests to water conservation through messages or offers within the rooms (Radingoana et al.,2020).
Leverage Technology and Data Analytics  
AI and IoT devices can be used to improve the management of resources. Some of the applications that are based on artificial intelligence include energy and water consumption forecasting to control the hotel’s consumption in real time. It makes it easier to track the usage of utilities and hence identify areas of inefficiencies due to the use of IoT-enabled sensors (Ranganathan et al.,2023). 
Engage and Educate Guests 
The consumer plays a significant role in determining the success of sustainability management. Hotels can also improve guest experience by embracing the green concept in the guest experience. It is possible that loyalty programs can offer points to guests who decline housekeeping services or who join the property’s carbon offsetting program. The use of signs or Mobile applications also makes it easier to convey the message of sustainability and also makes people actively involved in the process (Samsung Insights, 2024).
Collaborate Across the Industry  
It is necessary to create cooperation in the industry to develop a unified approach and to exchange materials. As seen through the partnership between the Sustainable Hospitality Alliance, other partnerships assist hotels in understanding what strategies work and what does not (Sustainable Hospitality Alliance, n.d.). 
Invest in Employee Training 
The staff has an important part to play in the effective adoption of sustainable practices. Hotels should develop training programs for their employees in the areas of resource management, waste management and energy conservation. Informed and inspired employees will be more sensitive to the environment and will be more passionate about upholding sustainability measures to be embraced in an organization (Mousa et al.,2020).
Monitor, Measure, and Report Progress  
This paper argues that transparency in reporting sustainability initiatives is critical to the creation of trust with stakeholders. Hotels must issue these reports at least annually, and at best, every quarter, to report on the progress made, the issues encountered, and the plan of action for the future.
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