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Abstract: This study examines the importance of energy efficiency in hotel operations. By analyzing various factors that affect
energy consumption patterns, the study aims to explore innovative strategies for reducing energy use. Hotels are known for
their high energy demands due to factors such as building design, occupancy rates, and amenities. Effective management is
crucial to reduce environmental impact and operational costs. The study reviews energy-saving techniques like smart HVAC
systems, energy management technologies, and the use of renewable energy sources. These strategies promote sustainability
and lead to significant financial savings and reduced carbon footprints. The paper aims to provide insights into achieving
more efficient and environmentally responsible hotel operations by analyzing current practices and challenges in hotel energy
management.
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I. INTRODUCTION

Environmental changes such as climate change and extreme weather events directly impact the tourism and hospitality
sector. With global temperatures already more than 1°C higher than pre-industrial times, the lack of appropriate mitigation
strategies could lead to a temperature increase of 3°C or more by the end of the century [1]. Severe weather events and fires
caused after that can significantly disrupt tourism and hospitality operations, also posing a potential credit risk for the near
future. Furthermore, worries regarding trash production, water scarcity, energy consumption, carbon emissions, and
detrimental effects on regional ecosystems have sparked doubts about the industry’s sustainability [2]. These issues highlight
the need for the tourism and hospitality sector to address environmental challenges and adopt more sustainable practices to
ensure long-term viability.

The World Travel and Tourism Council (WTTC) has taken significant steps to promote sustainable development
practices [3]. Its guidelines, which focus on disclosing environmental, social, and governance (ESG) information for various
stakeholders, including airlines, hotels, cruise lines, tour operators, and distribution networks, are a working framework
towards sustainability. Although these guidelines include performance metrics that address environmental issues and personnel
management, they do not fully consider the unique characteristics of the tourism industry. Hospitality is under increasing
pressure to become more environmentally friendly due to consumer demand, growing environmental legislation, ethics
concerns, customer satisfaction, and maintenance issues [4]. Therefore, the industry must take a closer look at enhancing its
environmental performance through the planning and implementation of appropriate environmental management systems.

Literature records that for both developed and developing countries, the hospitality industry is increasingly focused on
environmental management practices [5]. This includes implementing design, organization, and operational strategies that aim
to reduce the environmental impact of hotels. As hotels are one of the most energy intensive facilities [6], energy efficiency has
become crucial for the sustainable operation of hotels as energy loss is one of the most alarming issues hotels have to face in
protecting the environment [7]. The hospitality industry is a major consumer of energy [8], with 60% of its carbon emissions
resulting from energy consumption. Energy use has increased by 25-30% in recent decades, leading to an additional 3-6%
operating cost for hotel businesses [9].

As sustainability and eco-friendly practices are highly valued in the contemporary tourism and hospitality industry,
there is an increasing consumer demand for eco-friendly products and services [10,11]. Implementing green practices improves
the hotel’s image [12,13] and ensures its long-term success by minimizing negative environmental impacts [14]. In particular,
energy efficiency processes, solid and liquid waste management practices, and water conservation are the key areas where
green practices are most prominent in hotels. By prioritizing these areas and implementing sustainable strategies, hoteliers can
contribute to a healthier environment while also benefiting from reduced costs and a positive brand image [15]. However, the
industry often prioritizes revenue generation over environmental sustainability [16].
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Today, a growing number of lodging establishments are using eco-friendly procedures in order to tackle ecological
concerns and obtain a competitive edge [17,18]. These practices not only enhance the overall performance of hotel supply
chains but also lead to significant resource efficiency and cost savings related to energy and water consumption [19]. Waste
reduction through recycling, water conservation, and energy efficiency are crucial sustainable hotel practices [20-22].
Implementing sustainable practices not only improves efficiency but also acts as a marketing tool as there is a growing trend of
tourists seeking an environmentally friendly hotel [23-25]. Sustainability initiatives can enhance the reputation and
competitiveness of hotels by appealing to eco-conscious guests who prioritize environmental responsibility.

Hotels with advanced sustainable business operations could achieve improved business outcomes, leading to higher
satisfaction and loyalty [26] among both tourists and employees as internal stakeholders [27]. The implementation of
sustainable practices can assist hoteliers in bolstering their business reputation as responsible corporate citizens, thereby
strengthening their position in highly competitive tourism marketplaces [28].

However, the industry is complex and diverse, and assessing the pursuit of sustainability initiatives is not
straightforward [29]. In fact, some academics contend that a limited understanding of sustainability is the reason for the
discrepancy between ESG metrics and real sustainable practices in the hospitality sector [30]. A complex business model
whereby hotels are constructed and owned by different entities from those that manage them characterizes the hotel industry.
Moreover, hotels are unique because they are located in different geographical areas, operate under different cultural contexts,
and have varying development needs. They manage their own supply chain and serve as suppliers to other industries. The hotel
industry typically involves many stakeholders with different levels of interest.

Implementing sustainable hotel practices presents several challenges that must be addressed to ensure successful
integration. Previous studies have identified three key factors influencing hoteliers” willingness to adopt sustainable practices:
cost, employee, and consumer support [31,32]. Although putting sustainable methods into practice can result in long-term cost
savings, hotel managers are often reluctant to prioritize sustainability due to the significant initial investments required for
properties to become sustainable [32]. Furthermore, the challenge of accurately measuring the profitability of green initiatives
impacts top management’s willingness to invest in such endeavours [33]. The active involvement of both employees and
customers is essential in determining the willingness of hospitality businesses to engage in sustainable practices [31,32].
However, a significant barrier is guests’ and employees’ lack of awareness and knowledge about sustainability initiatives,
highlighting the need for education and training to bridge this gap [34,35]. Implementing sustainable practices without
employee support often increases costs [32]. The lack of knowledge and commitment to sustainability practices among hotel
employees indicates the need for further training to ensure the effective development of sustainable practices [36,37].

This review focuses on current energy efficiency practices in hotel operations. It identifies several factors that influence
energy consumption patterns in hotels, including building design, occupancy rates, and technological advancements. The paper
explores energy-saving techniques and innovations such as smart HVAC systems and energy management technologies,
highlighting practical strategies for reducing energy usage and operational costs. It also discusses the environmental and
economic benefits of implementing these strategies, emphasizing their role in enhancing sustainability and reducing carbon
footprints in the hospitality sector. Overall, the paper presents selected case studies for current practices and challenges in hotel
energy management, aiming to guide stakeholders toward more efficient and sustainable operational models.

I1. ENERGY EFFICIENCY IN HOTEL OPERATIONS
A) Energy Consumption Patterns in Hotels
Due to their high consumption [38], hotels must effectively manage their energy. Various parameters related to building
facilities and operations must be considered to tackle the factors influencing energy usage in hotel buildings.

The 5 main energy-consuming operations in a hotel are:
* HVAC systems

The majority of the energy used is used to keep the inhabited rooms at the ideal temperature. [39]
* lighting

« production of hot water

* kitchens

* swimming pools

The energy consumption in hotel buildings can vary significantly depending on various factors such as location, climate,
hotel standard (number of stars), size and age of the facilities, additional services provided (such as swimming pools,
restaurants, laundry, etc.) and their operating conditions, occupancy rate, and equipment performance [40,41]. Energy-intensive
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technologies are used to provide modern amenities and services, and as a result, many facilities—such as swimming pools,
central air conditioning systems, and heating systems—consume a significant amount of energy [42].

Large buildings typically require more energy for heating, cooling, lighting, and other operations. However, the
building’s shape is also important. A compact design where all facilities are integrated into the same structure tends to be more
energy-efficient than a sprawling layout [43]. This is because a concentrated layout minimizes heat loss and reduces the energy
required for circulation within the building.

According to a study on energy use by European hotels [44], with air conditioning, ventilation, and heating/cooling
combined, space conditioning makes up the majority of hotel energy end-uses, using around half of all energy used. This
highlights the significant impact of outdoor weather conditions and room surfaces on hotel energy use. Indoor temperature
levels also play a crucial role in determining the energy consumed in a building. Additionally, domestic hot water typically
ranks as the second-largest energy user, accounting for up to 15% of total energy demand. The energy consumption for lighting
can vary from 12-18% to 40%, depending on the installation category. Furthermore, services such as catering and laundry
significantly contribute to energy consumption, particularly due to their comparatively lower energy efficiency. Finally, sports
and healthcare facilities are generally substantial consumers of energy.

The number of people in a building directly impacts energy usage, as more occupants typically require more energy.
While building occupants may even while they do not often have direct control over services like heating and cooling, they can
nonetheless have an impact on indoor conditions and energy use. (e.g., opening windows, blocking air inlets/outlets, etc.) [45].
However, it is important to note that there are areas within buildings where energy consumption is necessary regardless of
occupancy levels. Furthermore, a hotel’s choice of technical equipment and appliances is crucial for energy efficiency [46].
Opting for energy-efficient HVAC systems, lighting, and other electronic devices can significantly reduce energy consumption.
Passive technologies such as natural ventilation, high thermal mass structures, and energy-efficient windows also help reduce
energy usage [44].

By implementing energy-efficient practices, hotels can enhance their performance and sustainability [38]. Energy-
efficient measures lower harmful emissions and address global climate change, leading to financial savings, reduced
maintenance costs, and environmental benefits [47].

B) Energy Saving Techniques in Hotels

As a big consumer of energy, the hospitality sector is bound to benefit from adopting and implementing energy-saving
policies and techniques. The industry has seen the emergence of technologies designed to improve hotel energy efficiency as
an enabler of such policies. These technologies offer innovative solutions to reduce energy consumption, optimize resource
use, and minimize environmental impact.

Energy-efficient lighting and the installation of energy-saving devices are common methods used to achieve energy
efficiency in hotels [48]. With the rapid development of new information technologies, the “Smart Hotel” era is emerging. A
smart hotel is an intelligent information system that uses artificial intelligence, network technology, and digital and digital
technologies to provide digital hotel information services. This method seeks to satisfy each customer’s unique needs while
assisting hotels in achieving efficiency and energy savings [49]. This technology can obtain real-time energy usage and
management information, such as energy use frequency and voltage values, from remote devices [50]. Using this technology to
develop hotel room lighting and temperature control systems can cater to individual customer needs, improve energy
efficiency, and contribute to overall energy savings [51,52].

Heating, ventilation, and air conditioning (HVAC) systems are major energy consumers in buildings, accounting for
40% of their energy usage [53]. Smart HVAC energy management systems adjust to occupancy patterns in real time to ensure
spaces are not overcooled or overheated when unoccupied while also optimizing HVAC operations to maintain comfortable
conditions [54]. By utilizing occupancy information, these systems reduce energy consumption by optimizing HVAC and other
building system schedules [55,56]. HVAC control systems in smart buildings can operate more efficiently and use less energy
when they have access to precise real-time occupancy data [57]. A method for HVAC systems utilizing actual time occupant
monitoring and occupancy estimation with a sensor network of cameras was developed by Erickson and Cerpa (2010) [58],
showing potential 20% energy savings.

Just as smart HVAC systems use occupancy sensors to adapt to real-time occupancy patterns, smart lighting enables
hotel operators to minimize energy costs by maintaining ideal lighting in individual rooms and shared spaces. It is estimated
that the potential energy savings from occupancy-based HVAC and lighting controls range from 20% to 50% [59].
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In addition, smart thermostats can pre-set temperature parameters during periods of peak usage and respond to real-time
occupancy changes. In the hospitality industry, these devices can be programmed to reduce energy consumption during certain
periods in unoccupied common areas or align with high-traffic occupancy patterns to ensure optimal temperature control.
Furthermore, using smart thermostats empowers guests to adjust room temperatures remotely via their smartphones, even when
not on-site [60].

The application of the Internet of Things (loT) in the hospitality sector enables interactions with visitors and the
gathering of data in real-time. This enables prompt, customized, localized services as well as precise assessment of visitor
preferences and habits [61]. By investing in these technologies, hotels can reduce operational costs and demonstrate a
commitment to environmental stewardship, enhancing their reputation among environmentally aware travelers.

Managing energy efficiently also involves using energy-efficient products, from large equipment to light bulbs.
Improved technology has made these products more affordable, with immediate financial benefits for the hotel businesses.

Proper maintenance is essential for preventing equipment failure and avoiding additional costs from energy loss.
Predictive maintenance is a strategic approach used in various industries, including the hospitality sector. It involves analyzing
sensor data to forecast potential failures and scheduling maintenance tasks based on historical data to prevent unexpected
breakdowns and unnecessary maintenance actions [62]. This method encompasses data acquisition, manipulation, prediction,
decision-making, scheduling, and monitoring to ensure efficient operations [63]. Research has shown that predictive
maintenance can reduce maintenance costs significantly by up to 20% and enhance the overall operational efficiency of hotels
[64].

It is also imperative, when replacing large capital systems, to deliberate on acquiring the most energy-efficient products.
Additionally, companies must consider the payback period, tax incentives [65], and potential productivity gains [66,67],
encompassing reduced maintenance expenses, augmented production output, and enhanced occupational safety, when
assessing energy efficiency measures.

Utilizing renewable energy sources is a proactive recommendation for hotel operations, enabling efficient energy
conservation and cost savings. Renewable energy is obtained from natural processes that are constantly replenished, such as
solar, wind, and tidal energy. By implementing systems like solar panels, the hotel can produce renewable energy that will
eventually recoup the initial investment and ultimately supply free energy for the hotel. Solar power is the most popular form
of renewable energy and can lead to carbon-neutral hotel operations in Mediterranean countries, meeting energy needs in an
economically and environmentally desirable manner [68]. Designing hotels with solar energy in mind is highly effective, and
while the most common approach is to install solar panels on existing buildings, integrating a solar energy infrastructure from
the outset is even more beneficial. Adopting energy retrofit technologies in existing hotel buildings has resulted in significant
energy savings, underscoring the importance of ongoing energy performance monitoring before and after retrofitting [69].

The primary aim of energy efficiency is to reduce energy consumption, leading to economic savings, lower utility bills,
reduced operating and maintenance costs, extended hotel lifespan, and environmental protection by minimizing harmful
emissions and mitigating global climate change effects [47]. Embracing these technologies represents a proactive step towards
achieving sustainability objectives and reducing the hospitality sector’s carbon footprint.

C) Monitoring and Evaluation of Energy Usage

Efficient monitoring and evaluation of energy usage are crucial for sustainable hotel operations. Implementing a
comprehensive monitoring system allows hotel managers to track energy consumption patterns, to improve energy usage,
pinpoint inefficient areas and make well-informed judgments. One key technology gaining popularity is Energy Management
Systems (EMS). These systems enable real-time energy use monitoring, allowing hotels to identify inefficiencies and make
timely adjustments to improve overall energy efficiency. Effective EMS follow the four-step framework: Plan, Do, Check, Act
(PDCA).
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Continuous Improvement
Energy efficiency inthe hotelindustry

Figure 1: Key Objectives of PDCA for Energy Management System (Source: Driving Energy Management, All TSMC
Fabs Have Achieved ISO 50001 Certification) [70]

Since all EMS are optional, organizations are not obliged to adopt them. However, the favorable correlation between
this system and environmental practices becomes stronger the more an organization participates in EMS activities [71].

Despite that, surveys show that the adoption rate of integrated energy management systems in hotels remains relatively
low, and only a small percentage of hotels are taking measures to address the resulting carbon emissions [72]. Hotels operate
various facilities 24 hours/day, 365 days/year, to provide a wide range of services to their guests and augment user experience.
These specific requirements challenge the implementation of energy management systems [73]. Hotels” energy management is
made more complex by additional elements, including occupation levels, non-guest services (restaurants, conference rooms,
etc.), and erratic hotel facility scheduling [42].

Energy audit programs [74] can monitor energy consumption in hotel buildings. These cost-effective programs have
high adoption rates for improving energy efficiency [75]. Efforts to improve environmental performance in hotels through eco-
efficiency and energy audits are essential for sustainable practices [76]. Monitoring energy consumption aids in evaluating
whether expected energy savings can be achieved [77] and helps identify the most energy-intensive processes.

Research emphasizes the importance of government and industry interventions to monitor and regulate energy usage in
the hotel sector [28]. To improve energy planning and implementation in hotels, using indicators that link energy consumption
to the hotel’s built area can enhance comparative energy efficiency studies [78].

Implementing energy and environmental efficiency evaluation systems with continuous monitoring [48] allows hotels to
review their energy usage regularly and make necessary optimizations. Real-time data collection and analysis enable hotels to
identify areas where energy is wasted and implement targeted strategies for improvement. Regular evaluations also facilitate
assessing the effectiveness of energy-saving measures and adjusting as needed to meet sustainability goals.

Understanding the energy usage patterns in hotel buildings is essential to implement effective energy-saving strategies
[76]. An active strategy is needed to achieve energy efficiency, including load control, system automation, and energy usage
monitoring. Developing a better energy-saving scheme ultimately results in improved energy efficiency performance. This
continuous feedback loop of monitoring and evaluation is crucial for ensuring that energy efficiency initiatives are
implemented and maintained over time. By investing in robust monitoring and evaluation systems, hotels can enhance their
operational efficiency, reduce environmental impact, and achieve long-term cost savings [29].

D) Employee and Guest Engagement

The effectiveness of sustainable practices is closely linked to employees’ active involvement and commitment [79]. It is
imperative that the entire organization maintains a high level of awareness and provides comprehensive training and education
to its staff regarding the hotel’s sustainability objectives and priorities [80]. Furthermore, coaching focused on sustainability
should lead to increased productivity and the attainment of objectives [80].
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Environmental awareness and training are critical in shaping employees’ environmental behavior in alignment with the
hotel’s green policy [81]. This ensures that all staff members are equally prepared to contribute to implementing the energy
policy and attaining energy performance goals during their regular operation duties. Training programs focused on fostering
environmental values and behaviors among employees can be instrumental in implementing sustainable strategies [82]. In the
hospitality industry, it is crucial to not only acquire operational skills but also to develop critical thinking, particularly
concerning sustainability practices [83].

It is important to provide comprehensive information and training that covers a range of areas such as [84]
understanding the environmental impact of business activities, implementing energy-saving measures and improving energy
efficiency in daily operations, monitoring progress, effectively communicating the company’s energy efficiency efforts to
guests, and encouraging guests to support sustainability. Providing sustainability training for employees benefits the
individuals receiving the training and contributes to the organization’s overall success [29].

Despite extensive research on the reasons behind tourists’ non-routine behaviors in hotels, there is still a lack of
comprehensive understanding of the circumstances under which tourists will adopt or maintain sustainable behaviors, as well
as when they might exhibit unsustainable behaviors [85]. It has been observed that consumers’ positive attitudes towards green
practices do not always result in actual behavior in hospitality contexts [86]. This misalignment is often attributed to consumers
perceiving green practices as inconvenient, as they believe these practices detract from their comfort and luxury, ultimately
reducing their satisfaction [87,88]. However, more recent studies [89-91] show that the behavioral outcomes of hotel visitors,
such as satisfaction, word-of-mouth recommendations, loyalty intention, and revisit intention, are positively correlated with
green hotel practices. Furthermore, guests with a heightened awareness of hotel sustainable practices tend to demonstrate
higher satisfaction levels [92].

The impact of sustainable practices on consumer behavior intentions, coupled with the ongoing evolution of guest
experiences, has emerged as a central focus for hotel chains worldwide [93].

Guests have an important role to play in reducing energy consumption. Simple, sustainable actions such as adjusting
heating/cooling, opening windows, turning off lights, and being mindful of electricity usage can greatly contribute to a hotel’s
energy efficiency [84]. It is crucial to communicate to guests that the hotel business they choose is committed to sustainability
and energy efficiency and to explain how they can easily contribute to a more sustainable hospitality experience. Various
communication methods can be used, such as leaflets in the room and stickers on appliances or switches, as long as the
information is not overly technical [84]. When these practices contribute to a relaxing and peaceful environment for guests,
sustainable practices will have a positive impact on guest satisfaction [94].

111. CASE STUDY 1- NEARLY ZERO ENERGY HOTELS (NEZEH) IN EUROPE
The Nearly Zero Energy Hotels (neZEH) [95] Consortium was formed to help European hotels become nearly Zero
Energy Hotels. neZEH has reached out to more than 56,000 hotels across Europe, involving them in the EU’s nearly zero
energy building (nZEB) strategy. The consortium provides technical advice for nZEB renovations, showcases the sustainability
of such projects, and promotes industry leaders. This initiative aligns with the European Union’s energy efficiency and climate
change goals for 2020 and 2050, specifically focusing on transforming Europe’s building stock into Nearly Zero Energy

4 g_ﬂl_g
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Figure 2: The primary goals of the neZEH Consortium [95]

Between 2013 and 2016, neZEH supported renovation projects in seven EU member states—Croatia, Greece, France,
Italy, Romania, Spain, and Sweden. Sixteen hotels benefited from this initiative, achieving up to a 70% reduction in primary
energy consumption. These hotels utilized a combination of energy efficiency measures, renewable energy sources, and
behavioral changes among staff and guests.
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Table 1: Support provided to neZEH Hotels [95]

Capacity Building Training and informational materials for hotel
staff and managers to enhance energy
management skills.
Technical Expertise Professional advice and energy audits
suggesting technical solutions.
Feasibility Studies Financial analyses to support renovation
decisions.
Funding Guidance Information on national financing alternatives.
EU neZEH Network Facilitating exchanges between building
professionals and hotel owners.
E-tool Development Assisting hotels in assessing and improving
energy efficiency.
Marketing Support Guidelines and tools for promoting
environmental performance.
Policy Intervention Position papers and recommendations to
remove barriers and upscale renovations.

The neZEH Consortium has significantly helped hotels across Europe reduce their energy consumption and carbon
footprint by providing customized technical advice, sharing best practices, and offering extensive support; neZEH has
influenced the hotel industry and contributed to the EU’s efforts to reduce CO2 emissions.

IV. CASE STUDY 2- THE WORLD’S FIRST CITY HOTEL TO ACHIEVE A TRUE ZERO-ENERGY BALANCE
Boutique Hotel Stadthalle [96,97], located in Vienna, Austria, is renowned as the world’s first city hotel to achieve a
true zero-energy balance. This pioneering establishment moved into a restored, turn-of-the-century house in 2009, marking a
significant milestone in sustainable hospitality. By generating as much energy as it consumes through innovative technologies,
it sets a benchmark for eco-friendly hotel operations.

The concept of zero-energy balance at Boutique Hotel Stadthalle means that the hotel produces as much energy
annually as it consumes. This has been achieved through:

» Groundwater Heat Pump: It uses the constant temperature of groundwater to provide heating and cooling, reducing
energy consumption.

» Photovoltaic Technology and Solar Panels: A 130 m? solar energy plant and over 80 m? of photovoltaic panels generate
electricity to power the hotel and heat water.

» Wind Wheels: Contribute to the hotel’s energy production, ensuring an energy surplus that highlights the hotel’s
efficiency.

The hotel is dedicated to minimizing resource consumption and promoting sustainable practices through various
innovative approaches in addition to energy generation. The Green Bonus initiative encourages guests to travel via reduced-
CO2 transportation methods, thus reducing carbon footprints and rewarding eco-conscious travelers. The hotel utilizes energy-
efficient amenities such as LED lighting and eco-shower heads to conserve water and forgo energy-intensive minibars.
Additionally, a robust recycling program ensures that 100% of waste is sorted and recycled, supporting a circular economy.
The hotel also promotes sustainability through its culinary offerings, serving organic breakfasts in the garden during summer
and emphasizing local and sustainable food sources. Guest transportation is made eco-friendly by exclusively using hybrid
taxis. Ongoing staff training ensures that all employees are well aware of the hotel’s green initiatives and actively participate in
them.

The hotel’s design and infrastructure enhance its sustainability efforts. For example, a rainwater collection system in the
garden supplies water for flushing toilets and watering plants, reducing dependence on municipal water supplies. In the
summer, natural cooling is achieved by pumping cold groundwater through the building’s concrete ceiling, eliminating the
need for conventional air-conditioning systems. The lavender roof garden also acts as an insulator, improving energy efficiency
while creating an aesthetically pleasing environment. The lavender harvested from this garden creates aromatic sachets for
guests, adding a unique touch to their stay.

Boutique Hotel Stadthalle exemplifies the potential of sustainable practices in the hospitality industry. By integrating
renewable energy sources, innovative water management, and upcycled materials, the hotel not only achieves a net zero energy
balance but also enhances guest experience and environmental stewardship.
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V. CASE STUDY 3- THE WORLD’S FIRST HYDROGEN HOTEL

Kawasaki King Skyfront Tokyu REI Hotel Sfd [98] has created a sustainable model for its operation in collaboration
with government agencies in order to achieve a hotel that will operate 100% with renewable energy. It is the first hydrogen
hotel in the world to utilize low-carbon hydrogen derived from plastic waste. It is not only using alternative fuels but also has
introduced biofood recycling, which converts food waste into renewable energy. In addition to achieving a 100% recycling rate
of food waste from the hotel, it implements an initiative to generate electricity by running a gas engine on biogas generated by
methane fermentation of waste by microorganisms. The hotel reduces carbon emissions equal to planting 14,300 cedar trees
while recycling enough garbage to power 82 four-person households per day.

VI. KEY FINDINGS AND DISCUSSION
Each year, large corporations spend substantial amounts of money directly on energy, as well as indirectly on various
costs related to supply chain, outsourcing, and logistics. However, many firms outside of highly energy-intensive industries
view energy consumption simply as a cost that needs to be managed. This approach overlooks significant opportunities to
mitigate risks, enhance resilience, and generate new value.

Currently, there is a growing emphasis on energy management within corporate strategies due to major environmental,
social, and business trends. These trends encompass factors such as climate change and global carbon regulations, increasing
pressure on natural resources, higher expectations regarding corporate environmental performance, advancements in energy
technologies and business models, as well as declining prices of renewable energy. These overarching trends reshape the
business landscape and present companies with new risks and avenues for creating value.

Energy consumption patterns in the hospitality industry are shaped by various factors, ranging from building design,
occupancy levels, climate characteristics, and operational schedules to guests’ behavior and lifestyle. Implementing integrated
energy management strategies is crucial for adequately addressing all these factors and significantly reducing energy usage.

Adopting smart technologies, such as loT-enabled systems and smart HVAC controls, presents significant opportunities
for improving energy efficiency in hotels. These innovations enable real-time monitoring and adjustment of energy
consumption patterns, resulting in considerable energy savings. Energy-efficient practices not only reduce operational costs but
also help the environment by lowering carbon emissions and resource consumption. This dual benefit enhances a hotel’s
competitiveness while aligning with global sustainability goals.

Continuous energy usage monitoring and evaluation is essential for identifying inefficiencies and optimizing energy-
saving measures. Implementing robust Energy Management Systems (EMS) and conducting regular energy audits are crucial
steps toward sustained efficiency improvements.

Engaging both employees and guests in energy-saving initiatives is a decisive factor for the success of every policy,
measure, and action to be undertaken. Comprehensive training programs can empower staff to adopt sustainable practices.
Awareness raising campaigns can encourage and engage guests in participating in energy conservation efforts during their stay.

Despite technological advancements, challenges such as initial investment costs, technological integration, and varying
guest behaviors remain. Overcoming these obstacles requires continuous and binding commitment from hotel management,
integrated planning for energy efficiency measures, allocation of adequate resources, periodic review and monitoring and
collaboration with industry peers and stakeholders to promote common needs and values for an energy-efficient — sustainable
roadmap to the hotel of tomorrow.
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