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Abstract
The hospitality sector significantly contributes to global energy consumption and environmental degradation, particularly through traditional energy systems in hotel operations. In the context of growing environmental awareness and international commitments such as the Paris Agreement, this research explores the integration of renewable energy technologies and energy efficiency strategies in the hotel industry. Through a comprehensive review of literature and analysis of case studies across Europe, North Africa, and Asia, the study highlights feasible sustainable energy solutions for hotels, including solar photovoltaic systems, geothermal energy, hybrid systems, and the use of green roofs. The findings indicate not only ecological benefits but also improved financial viability and enhanced brand image. Organisational culture, leadership, employee engagement, and customer demand for sustainable experiences emerge as pivotal factors in the successful adoption of green practices. The paper concludes with policy recommendations and future directions to encourage deeper integration of renewable energy in hospitality, especially considering current geopolitical tensions and evolving guest expectations.








[bookmark: _Toc197162613]


Introduction
As global climate concerns intensify, the hotel and hospitality industry face mounting pressure to reduce its carbon footprint and transition towards net-zero operations. The sector contributes approximately 1% of global carbon emissions, and this is projected to grow without systemic intervention (Llanso, 2024). Renewable energy integration has emerged as a pivotal strategy for reducing hotel-related emissions, improving energy efficiency, and future-proofing operations against rising energy costs and regulatory changes
[bookmark: _Toc197162614]Hotels worldwide are investing in solar panels, geothermal systems, and smart energy management to meet corporate sustainability goals and appeal to eco-conscious guests. For instance, Marriott International has installed solar energy systems in over 60 hotels (Marriott International, Inc., 2023); Hilton’s LightStay programme reduced carbon intensity by 45.1% from 2008 to the present via the use of efficiency technologies and renewable sourcing (Hilton, 2023). Ground source heat pumps and energy-saving lighting are used in Premier Inn’s ‘Green Hotels’ line-up, which aligns with the government’s net zero 2050 roadmap. While this is also an aspect of environmental responsibility, these innovations represent a long-term strategic feature of operational resilience. This paper discusses how renewable energy technologies are reshaping hotel operations by examining external influences on the uptake of such technologies and the challenges hotels encounter in utilising them.
[bookmark: _Toc197162615]Literature Review
How Renewable Energy Technologies Are Transforming Hotel Operations
The integration of renewable energy technologies into the operations of hotels has become a fundamental approach to the hospitality sector’s handling of climate and sustainability issues. The industry is facing the dual pressure of the need to be green and economically viable, and as a result, is adopting renewable energy solutions like solar, wind, heat pump systems, anaerobic digestion (AD), and green tariff energy. These technologies not only contribute to reducing greenhouse gas emissions but also help hotels meet the demands of guests seeking environmentally friendly accommodation (Jacobsson and Johnson, 2000).
The most popular renewable technology in the hospitality sector is solar energy, specifically photovoltaic (PV) panels and solar hot water heating (Chan et al., 2017; Hossain et al., 2017). Rooftop solar panels are favoured over ground-mounted systems as rooftops are less used for land and possess a better public perception (Majumdar & Pasqualetti, 2018; Klusáček et al., 2014). Even though the long lifespan and low operating cost of solar equipment make it a financially attractive option for hotels, seasonal variability of sunshine presents a limitation. While ground-mounted systems create land use conflicts and may clash with agricultural purposes, there is potential in integrated systems such as agrovoltaics (Majumdar & Pasqualetti, 2018).
Wind turbines are the second most used renewable energy technology in hotel settings, mainly in coastal areas or regions with high wind availability, where they are more efficient than solar installations (Silva & Delicado, 2017; Gabbar et al., 2015). Despite issues such as visual and noise pollution, wind turbines are reliable and financially viable when appropriately sited. Heat pumps, which offer both heating and cooling, help hotels achieve their sustainability goals. However, their effectiveness depends on location, subsurface conditions, and initial installation costs (Dimitriu et al., 2017; Fang et al., 2017). Nonetheless, their dual functions and long lifespan create long-term value for hotel operations.
[bookmark: _Toc197162616]Anaerobic digestion (AD), though less common, plays a dual role in energy production and waste management by converting organic waste such as food scraps from hotel restaurants into electricity and heat (Mahachi et al., 2015). AD systems provide local energy resilience while also contributing to the social development of surrounding communities (Balata & Tola, 2018). Like “green” tariff energy, hotels can purchase grid electricity from matched renewable sources and sell excess energy to the market without having to overhaul their energy infrastructure. However, this method offers limited cost savings or educational benefits for guests (Chan et al., 2017).
ROI of Renewable Energy Technologies in Hotel Operations
Solar panels remain among the most implemented renewable solutions in hotels. Several studies recognise their dual benefits of reducing energy costs and emissions (Majumdar & Pasqualetti, 2018; Klusáček et al., 2014). For instance, payback periods for hotel solar PV systems range between 6.5 to 7.5 years, producing around 26 MWh per year and reducing emissions by up to 16.31 tonnes of CO₂ annually (Movahhed et al., 2019). A seasonal hotel in a Greek case study reduced electricity consumption and carbon emissions by 60% and 57% respectively through PV system installations (Dorizas, 2008).
Green roofs, traditionally used for aesthetic and thermal insulation purposes, are increasingly valued for their synergistic benefits when combined with solar PV systems. Integrated systems have demonstrated improved PV efficiency due to the cooling effect of vegetation, resulting in an 8.3% increase in electricity output and reduced air conditioning demand (Hui & Chan, 2011). Studies from Italy report substantial energy savings up to 88 kWh/m² annually for heating and emission reductions of 193 tCO₂eq/MWh/year from insulated green roofs (Todeschi et al., 2020).
[bookmark: _Toc197162617]Geothermal systems, although less common, are proving highly effective in colder climates. A study on a hotel in Ottawa demonstrated that a hybrid fourth-generation geothermal system reduced combined Scope 1 and Scope 2 CO₂ emissions by 54%, with energy use intensity (EUI) dropping by up to 50% when integrated with PV systems (Ghorab & Rosato, 2025). Annual cost savings of 25% compared to conventional systems further bolster the case for geothermal adoption.
The Triple Bottom Line
The Triple Bottom Line (TBL) framework, introduced by Elkington (1997), expands traditional financial accounting by incorporating environmental and social dimensions alongside economic performance. The holistic model considers sustainability through three interdependent pillars (people, planet, and profit), arguing that businesses must generate value beyond monetary return. The TBL approach provides a systemic lens to evaluate the integration of renewable energy technologies in hotel operations in terms of financial, social, and environmental returns.
The economic pillar of TBL depends heavily on ROI analysis, where the cost-effectiveness of renewable technologies is assessed based on energy savings, reduced utility bills, and the long-term value of assets. According to Brisav et al. (2021), Movahhed et al. (2019), and Todeschi et al. (2020), energy-efficient technologies such as solar PV systems, heat pumps, and green roofs offer favourable payback periods and long-term operational savings, thus fulfilling the “profit” component of TBL.
The environmental, or “planet,” pillar reflects how adopting renewable energy helps reduce greenhouse gas emissions, mitigates climate change, and promotes responsible resource use. Technologies such as solar panels, geothermal systems, and anaerobic digesters enable hotels to significantly reduce their carbon footprints and contribute to environmental stewardship (Ghorab & Rosato, 2025). These benefits align with global climate targets and the growing expectation for sustainable hospitality offerings.
The social, or “people,” pillar refers to broader societal impacts, such as job creation in green energy sectors, improved community health through reduced pollution, and enhanced guest satisfaction via eco-friendly experiences. Hotels that effectively communicate their sustainable practices attract ethically conscious travellers and increase brand loyalty (Liu & Li, 2024).
[bookmark: _Toc197162618]In summary, the TBL framework is highly relevant to this study, offering a multidimensional assessment of renewable energy technologies in hotel operations. It ensures that investments are evaluated not only for their financial viability but also for their ecological and social contributions.
Method
This research employed a qualitative methodology involving an extensive review of existing literature, complemented by multiple international case studies. Sources included peer-reviewed journal articles, industry reports, and sustainability assessments from hotel chains and environmental organisations. Case studies from Europe, North Africa, and Asia were selected to represent diverse geographical and climatic conditions, as well as varying stages of renewable energy adoption. Data were analysed using thematic analysis to identify recurring patterns, benefits, and challenges associated with the integration of renewable technologies in hotel operations. The Triple Bottom Line framework guided the interpretation of results to assess economic, environmental, and social outcomes.
[bookmark: _Toc197162619]Theme Impact Analysis
[bookmark: _Toc197162620]External Factors Influencing the Adoption of Renewable Energy Technologies –PEST 
Analysis

	Factors
	Description
	Impact on Renewable Energy Adoption in Hospitality

	Political
	Global Climate Agreements: International frameworks such as the Paris Agreement and COP summits are driving countries to set national emission targets (UN, 2015), prompting stricter environmental regulations.
	Encourages hotels worldwide to implement renewable energy systems to comply with national and international policy frameworks.

	
	Government Incentives: Countries such as Germany, the UK, and Canada offer tax rebates and subsidies for solar, geothermal, and green roof systems in commercial buildings, including hotels (Rana et al., 2021).
	Hotels can access financial support, reducing the initial investment burden.

	
	Regulatory Pressure: The EU Green Deal and US Inflation Reduction Act (2022) provide frameworks and funding for sustainable infrastructure (KPMG, 2023).
	Political stability and policy continuity directly influence the feasibility of long-term green investment.

	Economic
	Rising Global Energy Prices: Fossil fuel price volatility (e.g., during the Russia–Ukraine conflict) drives interest in cost-stable renewables (Maneejuk et al., 2024).
	Increases the ROI attractiveness of solar and geothermal systems.

	
	Cost Competitiveness: Growing overcapacity in the solar PV supply chain and fierce competition among producers led to a 50% decrease in global PV module spot prices between December 2022 and December 2023 (IEA, 2024).
	Hotels in energy-cost-sensitive regions (e.g., the Caribbean, Europe) can benefit most from sufficient systems.

	
	Tourism Recovery Post-COVID: Hotels are seeking cost-effective ways to rebuild profitability while meeting sustainability goals.
	Economic sustainability aligns with environmental investment as part of long-term resilience strategies.

	Social
	Eco-Conscious Travellers: Booking.com’s 2024 Sustainable Travel Report indicates that over 70% of travellers would be more likely to book eco-friendly accommodation, and this trend has been consistent in previous years, according to Booking.com’s 2019 and 2022 reports (Booking.com, 2024).
	Encourages hospitality businesses to adopt visible renewable technologies as a marketing and brand enhancement tool.

	
	Workforce Sustainability Awareness: Employee engagement in green initiatives is rising. A 2023 analysis of over 1,000 companies revealed that employee engagement was 16% higher in companies perceived as genuinely committed to sustainability (HR Magazine, 2024).
	Improves employee morale and brand identity through CSR alignment.

	Technological
	Innovation in Green Building Tech: Efficiency gains in solar PV, geothermal HVAC, and green roof systems.
	Improves the efficiency and attractiveness of renewable solutions.

	
	Smart Energy Management Systems: IoT, AI, and BMS (Building Management Systems) enable intelligent energy use.
	Technology integration enables measurable carbon reduction and operational savings.

	
	Global Knowledge Transfer: Best practices from tech-forward markets such as Japan, Germany, and Singapore are spreading globally.
	Cross-border knowledge and technology transfer speed up adoption in emerging markets.



[bookmark: _Toc197162622]
Barriers Affecting Renewable Energy Investment by Hotels
High Initial Capital Investment: 
Despite growing environmental awareness, hotels continue to face numerous barriers that hinder the adoption of renewable energy technologies. A key challenge is the high initial capital investment required to install systems such as solar photovoltaic (PV) or solar thermal technologies. Bouhal et al. (2018) highlighted that without sufficient financial resources, especially among small- and medium-sized enterprises, investment in such technologies remains difficult. This is compounded by perceptions of long payback periods, particularly in regions like Madeira where transportation and installation costs are higher due to geographic limitations (Hotel Energy Solutions, 2011).
Economic Uncertainty: 
Economic uncertainty and limited access to funding further exacerbate reluctance, particularly for family-owned and independently operated hotels. As noted by Buffa et al. (2018), small hotels often lack not only financial capital but also the necessary technical knowledge and professional support to implement and maintain environmental management systems. In addition to financial limitations, bureaucratic and regulatory hurdles present significant challenges. In countries like Spain and Sicily, heritage protection laws and complex administrative procedures for acquiring permits and subsidies create further delays (Hotel Energy Solutions, 2011). Differing legal requirements across states also add to the uncertainty, making cross-border investments in renewable technologies more cumbersome (Ragosa & Warren, 2019).
Technical and Operational Concerns:  
Technical and operational concerns remain prominent barriers. While solar thermal systems have become more technologically mature, past experiences with poorly designed or unreliable systems have made hotel managers wary, particularly in countries such as Portugal and France (Hotel Energy Solutions, 2011). Many hotels also lack internal technical capacity, such as full-time engineers, making it difficult to plan and manage renewable energy installations effectively (Chan, 2011). This challenge is compounded by a lack of knowledge transfer from suppliers and insufficient training on newer technologies (Sikombe & Phiri, 2019).
Organisational and Behavioural Barriers:
Organisational and behavioural barriers also influence decision-making. According to Tseng (2017), the role of corporate culture and managerial attitudes significantly impacts technology adoption. In many hotel chains, strategic decisions regarding sustainability are made at corporate headquarters, which may disconnect local managers from implementation opportunities (Ertuna et al., 2022). Furthermore, employee resistance to unfamiliar technologies, a lack of performance metrics, and outcome uncertainty contribute to the inertia (Darvishmotevali et al., 2020).
[bookmark: _Toc197162623]Conclusion
External factors such as a supportive political framework, rising energy costs, shifting consumer preferences, and rapid technological advancement play a significant role in shaping the adoption of renewable energy technologies within the hospitality sector. Nevertheless, substantial barriers—including high initial costs, uncertainty, technological challenges, and organisational resistance—persist. In seeking to adopt these technologies, hotels may benefit from government incentives, the development of internal technical capacity, and the cultivation of a sustainability-oriented organisational culture. Additional support for the transition towards greener operations can be provided through clear policy guidance, streamlined regulatory processes, and industry-wide knowledge sharing.
Recommendations
Building on the evaluation of external factors and barriers influencing the adoption of renewable energy technologies, the hotel and hospitality industry must adopt a strategic, multifaceted approach to accelerate the transition towards sustainable energy solutions.

Strengthen Access to Financial Support and Incentives
Governments and financial institutions should collaborate to expand access to green financing, including low-interest loans, tax credits, and grants specifically tailored for the hospitality sector. Small and medium-sized hotels, which often face capital constraints, should be prioritised. Establishing green financing partnerships between public bodies and private investors can reduce the financial burden of upfront costs and improve return-on-investment prospects for renewable systems such as solar PV, geothermal heating, and energy-efficient appliances.
Foster Technical Capacity and Knowledge Sharing
A lack of technical expertise and training remains a significant barrier. Hotel associations and industry groups should develop centralised knowledge platforms and training modules in collaboration with renewable energy providers and academic institutions. These resources can guide hotels on best practices, vendor evaluation, system maintenance, and integration with existing infrastructure. Strengthening collaboration between suppliers and hotels will also build trust and enhance the reliability of renewable energy systems.

Simplify Regulatory Frameworks and Encourage Policy Consistency
Policymakers should aim to streamline permit acquisition processes and minimise bureaucratic delays, particularly in heritage or protected areas. National and regional governments must align policies to ensure consistency across jurisdictions, thereby encouraging cross-border investment in green technologies. Establishing dedicated sustainability units within tourism and environmental ministries could support this harmonisation.

Embed Sustainability into Organisational Culture
For renewable energy strategies to succeed, sustainability must be embedded within the organisation’s core values. Hospitality leaders should incorporate sustainability KPIs into performance evaluations and operational planning. Engaging employees at all levels through awareness campaigns, reward programmes, and transparent communication of sustainability goals can improve commitment and reduce resistance. Local managers should be empowered to take ownership of green initiatives, even when strategic decisions are centralised.

Leverage Digital and Smart Technologies
[bookmark: _Toc197162624]Hotels should invest in smart energy management systems that optimise consumption and monitor performance metrics in real time. The adoption of AI, IoT, and Building Management Systems (BMS) can significantly reduce energy waste, enhance operational efficiency, and enable data-driven decisions concerning energy use and future investments.
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